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FOREWORD 


This, the eleventh volume of Coal Division TRANSACTIONS, contains papers 
presented at Coal Division meetings subsequent to the 1946 annual meeting in 
Chicago. At the 1947 and 1948 annual meetings in New York, and at the 1946 and 
1947 fall meetings in Philadelphia and Cincinnati, the attentive reception and 
discussion devoted to the texts of the papers herein presented attested to their 
pertinency and technical appeal. The Division’s sincere and grateful appreciation 
is extended to George Keller, Chairman of the Program Committee during that 
period, for his unremitting activity in securing successful programs and to the 
Publications Committee, under Chairmen J. A. Younkins, Jr., and H. P. Green- 
wald, which assisted so materially in maintaining high technical and editorial 
standards. 

Under the wise and skillful leadership of Chairmen Henry Hebley, in 1946, 
and Evan Evans, in 1947, the Coal Division continued to increase the services 
and usefulness to the coal industry evolved and expanded by preceding chairmen. 
All phases of this basic industry, from mining through the many varieties of 
utilization, are periodically brought to the attention of Division membership at 
technical meetings and by publication of permanent records of latest development, 
thus providing closer cooperation and understanding among the several con- 
stituent branches. 

During the past year the Division has pointed out upon public record the 
paucity of realistic information concerning minable coal reserves within this 
country. A representative and active committee, with Henry Hebley as chairman, 
is cooperating closely with the National Bituminous Advisory Council in formu- 
lating a practical procedure for intensive and rapid reappraisal of reserves on which 
future mining needs may be intelligently appraised. 

In answer to a general feeling that the functional organization of the Coal 
Division needed critical review, a special committee, with C. C. Wright as chair- 
man, was appointed to survey this problem and to recommend specific methods 
for increasing the usefulness and scope of Divisional activities. The task assigned 
to this committee was promptly and admirably discharged, with its report being 
enthusiastically approved for adoption by the Executive Cofnmittee. This report 
and the enabling by-law changes will be presented to the Coal Division at the 
annual meeting in 1949 for adoption. 

As the American Institute of Mining and Metallurgical Engineers embarks 


upon a reorganization and new publications program in 1949, the Coal Division 


the modified policies. 


is happy that one of its most distinguished members, Dr. L. E. Young, will serve 


as President. It is confidently expected that both Institute and Coal Division 


appeal to the mining profession will be enhanced and will continue to expand under 


; 4 
‘ acknowledgment of the consistently able work of our secretary, D. R. Mitchell, © 
ny, in guiding and performing the year-around activities of the Division. The grati- 
: tude and appreciation of the Division are likewise extended to the committee — 
chairmen and members, the authors of technical papers, and the many activ 
fi members who have contributed so greatly in promoting the affairs of the Division. 
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RICHARD MAIZE 


THE Pittsburgh coal seam in West Vir- 
ginia.contains the largest coal reserves of 
_ any coal seam in that State and is, there- 
fore, one of the most important seams, 
_ and attains minable thickness and purity 
_ throughout that part of the seam extending 
_ from the Northern Panhandle to Monon- 
galia Co. thence south and southwest 
across the state to Wayne Co. near Hunt- 
_ ington. The Pittsburgh coal is also minable 
in the Upper Potomac region but is now 
_ practically exhausted there. The total 
minable areas of this coal amount to 2,165 
sq miles and are estimated, by the West 
Virginia Geological Survey, to contain 1314 
billion net tons. The largest body of Pitts- 
burgh coal outcrops on the western edge of 
_ West Virginia, along the Ohio River as far 
_ south as Moundsville, West Va., going 
__-under the river at that point and extending 
at various depths down the river as far as 
Wetzel Co. line where it thins out to such 
an extent that it has little practical value, 
and on the eastern edge this large body 
_ outcrops along the Monongahela River. 
The territory to be covered by this paper 
is the area known as the Northern West 
_ Virginia District comprising Wetzel, Mon- 
_ ongalia, Marion, Preston, Harrison, Dodd- 
_ ridge, Taylor, Barbour, Upshur, Lewis, 
Braxton and Calhoun Counties, 
and is also known as Dist. 3 under the 
Bituminous Coal Act. This region was 
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Pittsburgh Coal Seam in Northern West Virginia 


By S. D. Brapy, Jr.,* Mremper AIME, anv W. D. STEELE 


(New York Meeting, February 1948) 


originally opened for commercial mining 
along and adjacent to the Monongahela 
River around 1852 when the Baltimore and 
Ohio Railroad was constructed to Fair- 
mont. It has been extensively developed, 
first, in 1880 (when the Monongahela 
River Railroad, now B. & O. R. R., was 
constructed) between Fairmont and Clarks-- 
burg, and later, in 1916, between Morgan- 
town and Fairmont when the Monongahela 
Railway was constructed and placed in 
operation, this area furnishing the major 
portion of the production over the past 
years. With the mining out of a great deal 
of this territory adjacent to the Mononga- 
hela River considerable interest has been 
developed in the back acreage; and within 
the past few years a number of diamond 
core drill holes have been made in the back 
areas of Monongalia and Marion Counties. 
In this back area the oil and gas well drilling 
showed that the Pittsburgh coal seam was 
of minable thickness and ranged in depth 
from 350 to 1,000 ft below the surface of 
the stream valleys but this drilling did not 
furnish any definite data as to its thickness 
and quality. 


Economic IMPORTANCE 


The Pittsburgh seam in Northern West 
Virginia is of primary importance as a coal | 
resource not only because of its large re- 
serves but because of its contributing a 
very large part of the coal used in this 
country for general steam uses. The Pitts- 
burgh seam is a consistently thick seam, 
averaging 8 ft in thickness, with very easy 
grades underground, so it has always been 
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one of the lowest cost regions in the United The West Virginia Geological Survey 
States. This 7 to 9 ft thick seam of coal is Reports state there are estimated to be 914 
overlaid with from 1 to 3 ft of slicken- billion tons of Pittsburgh coal in Northern 
a sided shale called draw slate which has West Virginia but this is based on mining 


TABLE 2-A—Production Pittsburgh Seam Only. W. Va. State Dept. of Mines Annual Report 
ane ec nt a Re a A 8 eS Ee me aS eR 


194! 1942 1943 
N. W. Va. Counties 
Deep Strip Deep Strip Deep Strip 
PSAUDOUT <0... ones 1,465,064 1,5 
pats oF ecaaterailsns, £9545 ; § 1598,867 I,604,0 248,431 
BME KE OM pe aloperete is lorste is 0, (010 beh eieie ss ere 14,118 23,690 is nes eae 
BME OGC OTIC. 22.2) -toiclo is» vjeyoie|s oveimste 62,00 ; 
4 peter 30 t Cho ba SCRE OnE ook ee eer ont 50,505 75,731 39,525 
7 AEEISOT s[a7- s\e/srels ~ 2 = «+ + Beer tue erences 5,199,991 5,896,678 660,910 5,910,904 | 3,017,544 
«ERE 6 of SOE One ane Cane Bnei asae 20,149 
4 Marion... Enc Eg SERS Pa ee oO en #0:349:035 11,829,738 136,689 | 11,391,666 66,150 
B oncpealia ST a prehe e e ee eon eeree 7,166,642 | 2,705 8,660,164 TI4,454 47,187,332 356,214 
> Oa a ee Bie ea tie cham OPCS 2,711 819, ; : 5 
MS Ha rier Gromielars Sfacee sian ervehavaace ge ie ed eee Pe 
Baeatize leer erat bi ht Ai oS 'oxe oS Sas 
IUSUGISE 3S G0 Git Bt eee eee 24,818,666 | 2,705} 28,924,005 | 1,012,310 | 27,112,016 | 3,801,655 


:- always caused more or less trouble due to coal down to a thickness of 2 ft and is for 

the ease with which it air-slacks. To offset 100 pct recovery. Adjusting these figures to 
handling this draw slate, which is done in a minimum thickness of 4 ft the estimated 
- Ohio and the thin vein regions of Western 100 pct recovery in this area is 8.3 billion 


_ TaBLEe 2-B—Production Pittsburgh Seam Only. W. Va. State Dept. of Mines Annual Report 


Tons Tons] Tons 
per per | per 
Deep Strip | Man} Man 
Day Day | Day 

i Deep|Strip 


N W. Va. Counties 


1,427,108 986,200} 5.56/11.40) 1,584,690} 536,660) 6 87/21.71 

1229 2.35 . 7,569 56,916} 3.00/47.58 

486 6.91 20,770 9,627] 9.58)11.12 

5,902,591] 6,629,025 7,023,780} 6.91|20.67| 4,396,499] 6,050,563) 8.13/26.30 

3 u 981 21,510) 2 122.94 

jqasasseecedan 10,491,783] 272,609 134,461] 6.99}/18.50) 7,752,069 17,782] 8.27}23.87 
ya pasate 7,289,616) 638,684 705,572] 7.54]18.59] 5,371,869) 620,967) 8.86)19.54 
"egoon doe CouOneS 916,769} 253,949 239,535] 5.50124.22) 1,103,564) 660,425) 6.07/26 .68 
15,942} 5.51/15.47 10,581 6,676} 6.14/23.16 


cacbeupnadaugs 26,034,096] 8,518,387 


23,198,151) 9,015,490 


20,248,592) 7.981,126 


@ All production from small hand mines. Data for net tons per man day not available prior 1944. 


Pennsylvania, 10 to 18 in. of coal is left up tons. It is well known that a good recovery 
_ to protect the roof, making a good roof for of Pittsburgh coal in the past was 70 pct 
mining unless the entries are used toolong. of the minable thickness but during the 
Retaining this 10 to 18 in. of coal stillleaves last few years this recovery has been as © 
from 614 to 7 ft of minable coal which high as 90 pct in a few instances. Using the, 
gives ideal working conditions and low cost 70 pct recoverable coal as a basis and at the 
_ operation compared to other regions. present average production of 32 million. 
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tons per yr of Pittsburgh coal from this 
field, there is a remaining life of 160 yr in 
the Pittsburgh seam. 


PITTSBURGH COAL IN NORTHERN WEST VIRGINIA 


It also shows that there has been a sub- 


stantial increase in the tons produced per 


man day, based on total men employed, 


TABLE 3—Distribution All Coal from District 3 (Northern West Virginia) 1945 


Use Net Tons ane 
Industrial..... Cate none 20,894,745 | 49.3 
RUSE Asi avietes hos ete at haber 3,015,887 73E 
Railroad: Buelisi0. 2.05.2 a. ee 13,165,250 31.0 
By-product Coke Plant....... 5,317,749 12.6 

LO GAL Se ert Setters eed aides eee tee 42,393,631 | 100.00 


Per 
Cent 


Movement 


Net Tons 


32,720,007 | 77. 
458,993 I 
152,407 oO. 

4,032,486 9. 

4,414,299 | Io. 

615,349 I 


42,393,631 


U.S. Bureau of Mines—M.M.S. No. 1444. 


TABLE 4—Sizes and Destination of All Coal Shipped from District 3 (Northern West 
Virginia) 1945 


Size Net Tons 


Lump and Egg....... 0.00% Sel 82,7 2 8,.30K 
Niutiand Pearscc?. bos: o<) 7% 3857392 
Modified Mine Run. .| 24,811,298 
2-in. a Slack .at.c oa} + 3)224,818 

DZ sin OLACIE ceo scde aioe, areas 4,242,478 
Total caves ces vce 42,382,380 


N. J.-Pa.-Md.-Del. 
Va.-D. C 


Destination Net Tons 


ew England 1,125,772 


9,072,095 


3,835,807 
3,239,990 
1,716,277 
352,928 
672,994 
13,165,250 
4,032,486 
4,414,299 
1,232,627 


NOOK HORA 
NIWMNOUNDTONSO 


42,507,687 


al 
° 
° 


U.S. Bureau of Mines—M. M. S. No. 1444. 


_ In order to show the economic impor- 
tance of the Pittsburgh coal produced from 
this region the statistics published annually 
by the U. S. Bureau of Mines and the West 
Virginia State Dept. of Mines have been 
used as shown in Tables 1, 2, 3 and 4. 
The U. S. Bureau of Mines data do not 
make a separation of the Pittsburgh coal 
seam for this district but the West Virginia 
‘State Dept. of Mines did show this separa- 
tion and from this information it is found 
that the Pittsburgh coal seam represents 80 
pet of the production in the Northern West 
Virginia area. 

Table r shows that there has been a sub- 
stantial increase in the price received per 
net ton mined for coal mined in Northern 
West Virginia, increasing from $0.92 per 
net ton in 1933 to $3.19 per net ton in 1946. 


from 6.21 tons per man day in 1933 to 8.20 


tons per man day in 1946, or approximately 


33 pct increase. This lowering of the cost of 


production has been brought about by the 
installation of mechanical loading under- 
ground as well as the substantial increase 
of strip mining of coal in Northern West 
Virginia. Some deep mines, where fully 
mechanized loading is used, have attained 
a figure of 13.0 tons per man day for over a 
year period and the maximum has not yet 
been reached as management and men 
become more efficient. Table 2-A and 
Table 2-B show the effect of strip mining, 
on the production of Pittsburgh coal only, 
from its beginning in 1941 up to and includ- 
ing 1946. The strip mining of the Pitts- 


hn gas EN cee Ye 


° 
° 


burgh seam was practically 28 pct of the 


production in 1946 but will now probably 


decline because the majority of the strip- 
ping in the past few years was done on the 
outcrop of the coal with very little cover 
and future operations will depend on the 
using of larger machine units working to 
much heavier cover. 


N. W. Va. Counties 


BPA SIO LUN a Tat D o,0, Jo sduc ee ois (6. & onevea's le dheial'oa. dicts 
BREE RUOMN ro ein ctels eres he hd bia ald tae eubile, Mle 
MEENA T Pees oreig eae nid « Bcdw iene eteaetbend @ bustdb are i 
- Doddridge. 
Gilmer 35 OPS ct UOT CONROE: COREE RETRO RE EL oe 


OUMERUD SO GRU CR TO IRE OOO en SR aaee 


Table 3 shows the use and method of 
transportation to the market as taken from 
the U. S. Bureau of Mines Marketing Sur- 
vey Report for the year 1945, which year 
_ is a representative year. It is noted that 80 
_ pct of the coal from Northern West Virginia 
is used for industrial steam purposes and 
railroad fuel and only 12.5 pct for by- 
_ product coke, practically all of which is now 
_ produced by captive mines and shipped by 
rail to destination, while only 7 pct goes to 
retail yards for domestic use. It is also 
- noted in Table 3 that only 1.4 pct of the 
coal produced in this district is shipped via 
_ the Monongahela Riyer, which is in con- 
_ trast to the larger movement of 35 pct of 
the Western Pennsylvania production 
shipped on the Monongahela River. 

Table 4 shows the distribution of the 
‘sizes made with more than one-half of the 
coal being sold as mine run or modified 
S ‘mine run (modified mine run being the 
_ mine run with the lump or double screened 
sizes of coal removed). This size coal is 
used by the railroads for fuel and by a 
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number of the large industrial consumers. 
Also this table shows that the majority of 
this coal is shipped to destinations in the 
Middle Atlantic States with New York, 
Ohio and New England in the order 
named, 


TABLE 5—Reserves—January 1, 1947 


W. Va.G.S. |S. D. B. Based} Mined Out 
100 Pct On WaValGeS.| 77 oms 
19464 
297,236,016 231,462,158 40,392,014 
5 311,369,074 242,452,869 6,006,835 
.0 103,261,594 

() 611,540,582 477,947,289 

0-5 452,187,648 352,187,648 2,476,360 

fc) 1,067,351,348 | 1,550,819,636 | 241,205,543 

te) 865,501,055 594,367,488 368,588 

Co) 1,824,080,959 | 1,635,387,801 | 306,036,272 

Co} 1,507,144,037 | 1,370,673,770 | 129,149,251 

Ce) 18,455,500 953,978 

(0) 110,063,908 110,063,908 38,564,563 

() 63,339,725 63,339,725 350,360 
(0) 1,592,414,208 1,327,011,840 

9,423,955.254 | 8,335,714,222 | 765,594,666 


of Mines Report. 


In the past 10 yr a definite drive, with the 
full support of the present mine owners in 
the Northern West Virginia District, has 
been made to increase their industrial 
steam market and to this end the majority 
of the large utility plants installed in the 
past few years have been built so Northern 
West Virginia coal can be used. This is a 
logical step in the lowering of steam costs 
for the general economic needs of the U. S. 
for, while Northern West Virginia coals 
are high volatile, medium sulphur and low 
fusion coals, furnace design has been 
improved to such an extent that these coals 
can be burned very economically because 
of their comparatively lower cost of produc- 
tion in the Northern West Virginia field. 


RESERVES OF THE PITTSBURGH SEAM 


As of Jan. 1, 1947, the reserves of the 
Pittsburgh seam of coal remaining in 
Northern West Virginia are shown in Table 
5, the first column being based on the West 
Virginia Geological Survey Reports, the 
second column showing 100 pct recovery 
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with a minimum thickness of 4 ft and the 
third column showing the tonnage mined to 
Jan. 1, 1947. 

A substantial amount of the above ton- 
nage is tributary to the Monongahela 
River loading but none of the above 
acreage will meet metallurgical coke re- 
quirements of a sulphur content of less than 
1.3 pct, but would contain a good grade of 
industrial steam coal which would probably 
move to markets along the lower Monon- 
gahela and upper Ohio Rivers, replacing 
tonnage that is now considered of metallur- 
gical quality. It is a known fact that the 
reserves of low sulphur coal in Western 
Pennsylvania, while being substantial, are 
now limited and a definite effort is being 
_ made to prolong the life of these areas. To 
this end it is to be expected that a larger 
tonnage of coal, good only for industrial 
steam purposes, will move via the river to 
steam plants and other industries in the 
Pittsburgh and upper Ohio valley district. 


CHARACTERISTICS OF THE SEAM IN 
NORTHERN WEST VIRGINIA 


In Northern West Virginia the charac- 
teristics of the Pittsburgh seam are well 
known over a considerable area of the 
territory as substantial areas have been 
mined out adjacent to the Monongahela 
and West Fork Rivers; and while there are 
a number of mines along these rivers that 
still have a 20-yr life, the future develop- 
ments of the Pittsburgh seam in the next 
to yr will probably move into the western 
parts of Monongalia and Marion Counties. 
There the thickness and other seam charac- 
teristics are similar to the area that has 
been mined out, except that the mining of 
this coal will require shafts or slopes to 
reach the Pittsburgh coal lying from 350 to 
800 ft below the surface where the mining 
plants will have to be located. As a basis for 
discussion in respect to seam characteristics 
and analyses, the Pittsburgh seam in 
Northern West Virginia was divided into 
8 general groups as follows 1. Monongalia- 


c 


Preston Counties. 2. Marion Co.—low 
sulphur area. 3. Marion Co.—high sulphur 
area. 4. Harrison Co.—east of West Fork ; 
River. 5. Harrison-Doddridge Counties— 
west of West Fork River. 6. Wetzel Co. 7. — 
Taylor-Barbour-Upshur Counties. 8. Lewis- ~ 
Gilmer-Braxton and Calhoun Counties. é 
Within each general group there are local ‘ 
areas where the characteristics are not in | 
close agreement with the group averages — 
and variation of the seam thickness and © 
other variations may seem large to some. i 
Mr. H. N. Eavenson! says: “But in view © 
of the enormous area covered by this de- : 
posit and by the tremendous quantity of it — 
laid down originally, it is remarkable that é 
its quality is so uniform. Many coal seams ~ 
can show much greater consistency in some ~ 
qualities than the Pittsburgh seam, but ; 
considering quality, thickness, and mining _ 
conditions together, few mineral deposits of - 
any kind anywhere, can rank with it.” - 
In the area adjacent to the Monongahela | 
and West Fork Rivers, the thickness and _ 
analytical characteristics of the Pittsburgh — 
seam have been extensively studied by the i 
Consolidation Coal Co. (WVA), using 
channel samples and core drill records as 
well as railroad car samples from 22 mines _ 
and the results of this work have been 
averaged and used in this study. When the 
Coal Producers Board for Dist. 3 (Northern _ 
West Virginia) was organized an extensive - 
program was completed for analyzing the 
coal by railroad car samples from all going 
mines so there are now available several 
hundred analyses taken by this Board, and ~ 
representative analyses from these records 4 
were used in this study. Within the past 
few years 44 diamond core drill holes have j 
been drilled in the western part of Marion 
and Monongalia Counties and the records 
have been made available by the land > 
owners for this study. The West Virginia 
Geological Survey Reports analytical data 
were used, where none of the above data 
were available in certain areas. 


1 References are at the end of the paper. 
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RANGE OF THICKNESS 


Fig 1 shows the variation of the thickness 
of the various benches and slate bands of 
the Pittsburgh coal in the 8 general groups. 
In the Marion Co. group the low sulphur 
area and the high sulphur area have been 


a9 


band shows in the upper portion of the 
seam while in Marion Co. and Harrison Co. 
it sometimes shows between the regular 
slate bands. In Lewis and Gilmer Counties, 
the 2 regular slate bands have disappeared 
and only one band, running from 1 to 3 in, 
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Fic 1—RANGE OF THICKNESS OF BENCHES AND SLATE IN PITTSBURGH COAL, 


combined into one section as there is slight 
variation in thickness in this region. The 
standard practice in Northern West Vir- 
ginia is to sample the coal in 3 benches, 
(1) the top ro to 18 in. of the coal seam, 
(2) the mining section, excluding the 2 slate 
bands and, (3) the bottom 6 in. of coal. 
The slate bands were analyzed separately 
in a number of the core drill holes and the 
records were available for this study. The 
practice of excluding these slate bands is 
done on the theory that this slate will be 
removed by hand picking or mechanical 
cleaning of the coal at. the tipple. It is 
noted that the Pittsburgh seam, in this 
area, contains generally 2 thin slate bands 
from 3)4 to 8 in. apart, which are approxi- 
mately 4 ft above the bottom of the seam, 
with a third slate band sometimes showing. 
In Monongalia County the third slate 


in thickness and of a cannel coal nature, 
appears. In Wetzel Co. a sulphur streak 
of 44 to ¥% in. appears in the middle of 
the bottom bench between the slate bands 
and the pavement. The coal sections shown 
in Fig 1 also illustrate that when the 
Pittsburgh coal seam reduces its thickness 
from 8 to 4 or 5 ft, all of the reduction in 
thickness appears to come in the top bench. 
This is especially true in the western part 
of Harrison Co., and Upshur, Lewis and 
Gilmer Counties. 


RANGE OF ANALYSES 


Table 6 shows the range of analyses 
taken from large and small producing 
mines in all of the general groups except 
Wetzel Co. There are no suitable analytical 
data on Wetzel Co. coal which could be 
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used in this study, so Wetzel Co. was section and mining section. The roof sec- 
omitted from the table. tion comprises the ro to 18 in. of high ash - 
Table 7 shows the range of analyses of coal normally left as roof coal in the coal 


TABLE 6—Range Analyses of Pittsburgh Coal in Northern West Virginia District 


M VM Ash | Sul. Btu Fusion 
Monongalia 

A .8 37.0 8.50 | 3.0 13,800 | 2,200 15 Mines 
a} 39.2 9.40 | 3.6 14,362 | 2,320 
.6 35.8 8.05 | 2.1 13,370 | 2,110 
-40 | 37.0 7.00 | 2.2 13,800|2,175 14 Mines 
.66 | 30.0 8.52 | 2.4 14,360 | 2,200 
-20 | 35.5 5.50 | 2.3 13,600 | 2,150 
ss 38.4 5.50 | 1.2 13,840]2,285 5 Mines 
me) 39.0 7.00 | 2.2 13,930 | 2,345 
An 3775 6.2 0.76 | 13,784 | 2,090 
AR 38.9 6.0 SY 4 13,046|2,125 5 Mines 
AF 39.6 7 .¥ 2.9 14,012 | 2,175 
.0 37.9 5.4 E.3 13,746 | 2,100 
(5 40.0 7.2 3.0 13,540]2,050 20 Mines 
9 41.2 9.0 4.3 13,900 | 2,080 
.0 38.8 7.0 2.8 13,400 | 1,990 
ag 38.0 bik 2.28 | 13,800]2,170 24 Mines 
oy 39.7 8.2 3.20 | 14,260 | 2,280 
cr 36.3 6.5 I.70 | 13,310 | 2,060 
es 40.0 6.5 2.40 | 13,540]2,150 34 Mines 
8 43.67 | 7.35 | 2.71 | 14,071 | 2,200" 
2 38.63 | 4.28 | 1.96 | 13,337 | 2,120 


Bituminous Coal Producers Board District 3—Analysis Railroad Car Samples, West Virginia Geological 
Survey County Reports. 


TABLE 7~—Range of Analyses of Drill Holes in West End M onongalia and M arion Counties, 
West Virginia 


M Sul Btu AS.T 
Monongalia 
pe Sect. 
piplabacrera.'s Wis blatars «Ge¥uateusle cease, sel aiacelie subne! « elpheies 1.00 <2 3.50 | 12,050] 2,250 
Aaa sc alatale lbas ar ale: bhaeee erated Ne’ allt olietintes 9 alii aaa ey Sian 4 “9 4.74 | 13,200] 2,540 
wn TRC St Right REET 2, eS i % 3.23 | 11,500] 2,050 
Voce ccccccrccrevaccvevesereceeseseseeeuees I.40 <d 2.20 13,000 2,280 
es dete wis wele eis ete wg ERM ere ake hale eiviach en Rare aie Meine : - - -6 2.63 | 14,360 2/300 
Marion sete eee eeenes 2 I.90 | 13,200] 2,160 
FR aha, @laks 9 peo be tae Pon phvocp tobe Lal eyats sea aleaeite tie inns bas a) is 
Roof Sect +5 3.90 | 13,100] ° 2,160 
Max.. Biahy Poth ueaead oes Spy lyri MeN ranS 20 -9 5.80 | 13,600] 2,430 
Mining kid Riavevebeasai'as ble a iel el © areal wits ei8/e. shel orarereiie -90 26 3.50 | 12,670 2,030 
Cee meme erence reser en easeessesseesssees 1.30 on 2.50 | 14,200 2,140 
Max... Piao pete tee gm hh 7/50 -8 | 3.90 14,360 2450! 
Monongalia-Marion ~~: © © tae eo a ; 15,1 9-39.) 33,800 | eae 
> yd bands 
AV a Mie ele us, si. lace Soro ese Alene chalatere > are etepel ete rae 0.61 5 1.50 2,71 
Mex Sch cisnete MRM citvensn obs eae nee 0.81 2 | 2.30 aye 
Dia Rid tare Det bhe ah nseTOe let toxpeiole eeacere oaneie ies 0.23 4 I.20 2,305 


Based on drill hole records from private sources. 


the Pittsburgh coal cores removed from mines of this area. These analyses prove 
the drill holes in the western end of that this roof coal is very high in ash and 
Monongalia and Marion Counties. This sulphur. The analyses of the mining sec- 
table shows the analyses divided into roof tions shown in Table 7 were taken with 


ere 
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the slate bands excluded and the analyses 
of the slate bands are shown separately. 
The analyses of the slate bands show that, 
if they had been included in the analysis 
of the mining sections, they would have 
had very little effect on the final results. 
The average thickness of coal included in 
the mining sections was 80 in. and the 
average thickness of the two slate bands 
would not exceed 2 in., therefore, the slate 
bands would only increase the ash by not 
‘more than %o above the pct of ash 
shown. If the slate bands had been included 
in the samples of the mining sections it 
would have a very slight effect of lowering 
the sulphur Eeene nes and increasing the 
fusion. 
A map showing the location of the mines 
and core drill holes where samples were 
taken, indicates that there is only a small 
area in Northern West Virginia that could 
‘be considered a low sulphur metallurgical 
coal, or coal having 1.3 pct sulphur or less. 
It also develops that there are several 
‘small “islands”? of low sulphur coal scat- 
tered through the area but they are so 
small in area that they are not shown. The 
‘reserves of low sulphur coal remaining in 
Northern West Virginia, with one or two 
small exceptions, are practically now all 
owned by captive interests, therefore there 
is no substantial area of low sulphur coal 
remaining in this region that might be 
available for development. 
From a study of the above-mentioned 
map in relation to the individual coal 
analyses, it develops that the volatile 
content of the Pittsburgh coal increases 
going west from the Monongahela River as 
shown by the analyses in the western end 
of Marion and Monongalia Counties, and 
the volatile increases further in Wetzel Co. 
as one approaches the Ohio River, assuming 
Wetzel Co. Pittsburgh coal will analyze 
similar to Marshall Co. coal. The volatile 
content also increases going south of 
(Clarksburg. 


bie sce Tics 


Tue Errect oF THE MAIN Fautt (Want) 


There appears to be an old stream chan- 
nel located in the Pittsburgh coal seam 
running into Northern West Virginia from 
Western Pennsylvania that more or less 
parallels the Monongahela River until it 
reaches a point near the mouth of Indian 
Creek where it swings in a westerly direc- 
tion along the Monongalia-Marion Co. 
line and extends for some distance in that 
direction as has been proven by the mining 
operations along it. This old stream channel 
is locally called a fault but it is actually a 
“Want,” and appears to have been caused 
by an old stream eroding portions of the 
coal seam in the old days, geologically, 
and later filling the series of intrusions 
of varying sizes with sand which later 
under pressure became sandstone. The 
intrusions are of a varying size running 
from 50 to 200 ft through and being from 
50 to 600 or 700 ft long and as the coal 
seam approaches the “fault” area the 
draw slate over the coal disappears and 
sandstone comes next to the coal making 


- the roof. 


There are indications that the Pittsburgh 
coal changes in some of its characteristics 
at this faulty area. The coal north of this 
line of “fault” is softer in structure. There 
are also from one to three bone, rock or 
sulphur bands appearing within the top 
30 in. portion of the seam. The typical 
Pittsburgh bands normally near the center 
of the seam begin to lose their identity and 
often only one of the bands is discernible. 

There is also a change in the coal analyt- 
ically. From channel samplings north and 
south of the “fault” area the following 
comparisons were made: 


NorTHERN MINE 5 IN. X 0 SOUTHERN MINE 
0.64 Moisture 0.57 


Sy aat Volatile Matter 40.10 
52.88 Fixed Carbon 51.36 
9.27 Ash 7.97 
See Sulphur 3.15 
13671 Btu 13950 
2270° J Wotsy 483 2200° 
21.75 Fe203 in Ash 27.30 


It is shown that on the coals of almost 
identical sulphur content that the volatile 
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content is lower in the northern coal. The 
ash is higher and the Fe20; in the ash is 
lower in the northern coal. The ash soften- 
ing temperature is slightly higher in the 
northern coal. ‘ 

Additional comparisons were made after 
Float and Sink tests, on the 5 X 0 size 
after crushing the plus 5-in. coal. 

FLOAT AND SINK_TESTS 


AT 1.45 Sp. GR. 


NORTHERN MINE 5 IN. x10 SOUTHERN MINE 


0.6 Moisture 0.47 
38.26 Volatile Matter 41.31 
53.26 Fixed Carbon 51.901 

7.30 sh 6.31 

2.55 Sulphur 2.54 
I4II9 Btu 14285 

2520° ASSa2; 2200° 
16.98 Fe203 in Ash 22.75 


FLoAT AND Sink. TESTS 
AT 1.60 Sp. Gr. 
5 IN. X 0 SOUTHERN MINE 


NORTHERN MINE 5 
0.6 Moisture 0.46 


37.50 Volatile Matter 40.87 
53-72 Fixed Carbon 51.76 
8.13 Ash 6.91 
2.74 Sulphur 2.65 
13932 Btu I4177 
2510° AS Sis 2200° 
17.06 Fe203 in Ash 23.27 


INDICATED IMPROVEMENT 
» AT 1.45 Sp. Gr. 

NORTHERN MINE SOUTHERN MINE 

21.25 Pctreductionin Ash..... 20.83 

18.27 Pct reduction in Sulphur. 19.37 
250° Actual increase in A.S. T. 
INDICATED IMPROVEMENT 

AT 1.60 Sp. Gr. 

NORTHERN MINE SouTHERN MINE 
12.30 Pct reduction in Ash..... 13.30 
12.18 Pct reduction in Sulphur. 15.87 
240° Actualincreasein A.S.T. none 


A study of the detailed Float and Sink 
data shown indicates that the coal in the 


southern area can be cleaned to yield a. 


comparative reduction in ash and sulphur 
content with that from the northern area. 
The iron oxide in the ash shows a propor- 
tionate reduction in each instance although 
there is no increase in the ash softening 
temperature of the coal from the southern 
mine there is an increase of 250° in the coal 
from the northern area. 


EFFrect OF SELECTIVE MINING AND 
OTHER PRACTICES OR QUALITIES 


Messrs. Davis and Griffin? say, in rela- 
tion to selective mining: 

“The problem will require careful study 
for each mine and will involve the study of 
mining ‘methods, face-preparation  prac- 
tices, and selective mining in their relation 
to the improvements in analytical proper- 


ties that may be effected by coal cleaning. 
Only by coordinating the underground 
practices and the coal-cleaning program 
will it be possible to obtain the maximum 
economical reduction in ash and sulphur. 

“The following factor will each have its 
effect on the analysis of the coal produced: 

1. Selective mining in respect to areas of 
various levels of quality. 

2. Selective mining in respect to the 
proportion of the seam mined. 

3. The method of loading employed. 

4. The method of cutting and/or shear- 
ing. 

5. The method of breaking down the 
coal. 

6. The amount of refuse loaded with the 
coal.” 

Selective mining as practiced in some 
areas will improve the quality of the coal 
mined but in the Pittsburgh seam in 
Northern West Virginia, except in the low 
sulphur area, there is not much opportunity 
for any practical method of selective min- 
ing except to leave up the roof coal and, 
where possible, to leave down the bottom 
6 in. of coal. 

It has been found in Northern West 
Virginia, that, leaving the bottom coal in 
the mine during the old hand loading days 
was conducive to loading:a high quality 


coal, but with the introduction of mechani- _ 


cal loading, particularly with the tractor 
mounted type, the soft bottom underlying 
the Pittsburgh seams permits this coal to 
be broken up and a large portion is now 
being loaded, therefore no separation was 
made for this coal in the analyses quoted in 
this paper. 

Since the future of the Northern West 
Virginia coal field is wrapped up in the 
production of industrial steam coals at low 


cost, and since the quality of Northern 4 


West Virginia coal is such that, except for 
certain local areas, none of it is of metal- 
lurgical quality, it appears that it is im- 
practicable to do anything more than is now 
being practiced, in either selective mining 
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or bin mixing. Some efforts have been made, 

by the selection of sizes at the tipple and 

conveyor mixing, to try to reduce the ash 
_ content and thus increase the Btu. 


MECHANICAL CLEANING 


A number of mechanical cleaning plants 
have been built in this field, sincé the intro- 
duction of mechanical loading, for the 
purpose of securing a uniform ash in the 
coal shipped. In Table 8 is given a list of 


ment in the ultimate Btu value. Since the 
greater proportion of the production from 
Northern West Virginia is for industrial 
steam use most purchasers of the coal con- 
tend that a 1 pct increase in moisture is 
equivalent to 1 pct increase in ash for their 
purposes. For this reason only the sizes 
above 34 in. or 3¢ in. are washed. If larger 
size slack coals are desired the washed sizes 
are reassembled with the dry slack and the 
average quality improved. 


TABLE 8—Mechanical Cleaning Plants in Northern West Virginia 


Company Mine Type Sizes, Inches 
Canyon Coal and Coke Pe Be ey Nie ENN CHEER Canyon effrey Ji 
monsolidation Coal. Co. (W. Va.)......60%00060000s Askwright eee 
fonsolidation Coal Co. (W. Va.)....000..00cecse- Owings No. 32 Chance Cone 


Eastern Gas and Fuel Associates.............000. 
Mereatiisonu,Ccoaland Coke Co. oo... 62,0 606d ncep vanes 


? Pursglove Won Manin g [Cow cc cnieew ee tune esis looses 


Federal No. 3 

Z Jamison No. 9 
Eeellyss@reek Collieries’Cots..... 6. cs gue cs es eee Maid 
Monongahela Rail and River Corp............... Em 


aiden 


ily 
Puréeove No. 15 | Chance Cone 


Belknap Chloride 
Jeffrey Jig 
McNally-Pgh- Baum 
Hydro-Separator 


t, pea 


aAannn Bua 
tt ct tO tet t 
ooo om ooo 
\e\eoNe Nor, \eo 

RAK BK 


mechanical cleaning plants that have been 
built in Northern West Virginia in recent 
years and the analytical results being ob- 
tained show that some reduction in the ash 
‘content in the raw coal is being made along 
with producing a clean coal with uniform 
-ash content. 
_ With the use of loading machines there 
is no selective picking of the coal at the 
_face and in order to secure higher tonnages 
per loading unit the coal must be shot up 
‘into smaller sizes, which greatly increases 
the problem of hand picking. Also with the 
~mechanical loader there is great danger of 
having roof shales or bottom fire clay 


loaded with the raw coal where the super- _ 


: vision is not almost perfect. The great in- 
crease in mechanical loading in Northern 
‘West Virginia has been during the past ten 
years and all of the mechanical cleaning 
units have been installed during that time. 

It will be noted in Table 8 that the 

: washing plants do not wash any sizes below 

LY in. If sizes below 14 in. were washed the 

‘cleaned coals would show an increase in 
moisture content that would offset the 

eduction i in ash and result in little improve- 


Drying plants for drying this coal can be 
used but again the question arises as to 
whether mechanical cleaning and drying, 
with its investment and operating cost, is 
practicable. 


SUMMARY AND CONCLUSION 
The Pittsburgh coal seam in Northern 


~West Virginia is of great importance to the 


economy of the United States as it has, in 
the past few years, contributed approxi- 
mately 6 pct of the total bituminous ton- 
nage and, in the future, it is expected to 
increase percentagewise owing to its com- 
parative low cost of production, being deep 
mined much more cheaply than the steam 
coals of Western Pennsylvania and Ohio. 

The recoverable Pittsburgh seam of coal 
in Northern West Virginia as of Jan. 1, 
1947, is estimated to yield 5 billion tons, or 
about 160 yr of life at the recent production 
rate. 

The physical characteristics of the Pitts- 
burgh seam of coal in Northern West Vir- 
ginia indicate that about 80 pct of the 
reserves in Marion, Monongalia, Harrison, 
Barbour and Taylor Counties will show at 
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least 614 ft of minable height, while in 
Braxton and Gilmer Counties some local 
areas show a minable height of equivalent 
thickness but the majority of the reserve 
coal in the balance of the area will probably 
have a minable height of 5 to 6 ft. 

The analytical characteristics of the 
Pittsburgh coal in Northern West Virginia 
indicate that 98 pct of the reserve tonnage 
will be a good grade of industrial steam 
coal and that the remaining 2 pct, or 100 
million tons, will be of metallurgical grade 
containing 1.3 pct, or less, sulphur. 

There is a definite change in the analyti- 
cal characteristics of the Pittsburgh seam of 
coal as between the northern and southern 
side of the ‘‘fault”? or Want, or between 
Monongalia and Marion Counties which is 
shown by the lower volatile and higher 
fusion and lower Fe2O; content of the ash 
in Monongalia County. 

Analyses of the Pittsburgh coal reserves 
of Dist. 3 or Northern West Virginia clearly 
indicate that selective mining, as practiced 
with the leaving of roof coal and possibly 
the bottom coal, will improve the ash and 
sulphur content in the final product. 

Mechanical cleaning of screened sizes is 
an economical necessity where mechanical 
loading is practiced in the Pittsburgh coal 
in order to secure lowered cost of operation 
and a uniform lowered ash product. 
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DISCUSSION 
(H. F. Hebley and E. E. Finn presiding) 


Coal Producers 


G. H. AsHLtEy*—A few years ago we finished 
a survey of Fayette Co., Pa., where they 
commonly estimate that they are getting from 
85 to 95 pct of the Pittsburgh coal bed, and 
in making our estimate of the reserves, go pct 
was used. But if the mine maps are consulted 
and one figures out the area that is actually 
mined out compared with the tonnage ob- 
tained, it appeared to be only 63 pct. I think 
that is because of the 18 in. min. thickness 
used. When we figure our reserves and con- 
sider all those things, we get quite a different 
figure from that obtained by taking 90 pct — 
of the estimated coal in the ground. 


H. F. Heprry—That is what we have 
been trying to lead up to, to be realistic on 
what actual coal we are obtaining. There 
is also implicit in this paper the earmarking 
of metallurgical coal for metallurgical uses and 
the use of steam coal for steam uses. 

That is a matter of economics and some- 
times in some countries it is a matter of © 
government control; not that I am advocating 
that, but it shows the trends toward which 
the whole world is moving. 


L. E. Younc{—This paper is an important 
and timely contribution to the published data — 
on the Pittsburgh Seam in Northern West 


Virginia and it presents in convenient form | 


much valuable information. This field has been 
an important producer for many years, but 
with the depletion of large coal areas in South- 
western Pennsylvania, it will play an even 
more important part in the future. 

As has been pointed out by the authors, the 
physical conditions are such that the field is 
well suited to mechanical loading and full 
advantage is being taken of these favorable 
conditions by enterprising operators. The 
area of low-sulphur metallurgical coal is not 


* Consulting Engineer, Harrisburg, Pa. 
‘ { Consulting Mining Engineer, Pittsburgh, 
a. 6 4 3 
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large, but with selective mining and careful 
preparation, a satisfactory grade of low-cost 
industrial coal is being produced. 
__ The proposed reappraisal of the coal reserves 
of the U. S., now under consideration, is most 
timely. This paper is an important contribution 
in starting this work. 


S. D. Brapy, Jr. (authors’ reply)—The 
Tables of Analyses are averages of many 
analyses and it was quite a job to select the 
ones that were truly representative of each 
area. 


In regard to Dr. Ashley’s and Dr. Young’s 
remarks I wish to say that most of the present 
estimates of the reserve of Pittsburgh coal are 
upset by the fact that, in mining the Pittsburgh 
coal, it is necessary to leave roof coal to protect 
the draw slate; and if the working places are 
left open without immediate pillaring oper- 
ations, within a period of 1 to 144 yr this roof 
coal and draw slate will fall and make it neces- 
sary to split the pillars in order to recover 
them. This method causes a loss of at least 
20 pct more of the recoverable coal before 
pillar mining is completed. 


How Much Coal Do We Really Have? The Need 
for an Up-to-date Survey 


By AnpREew B. Cricuton,* MemBer AIME 


(New York Meeting, February 1948) 


Tue oft repeated statements of the 
United States Geological Survey and the 
Bureau of Mines that the coal reserves in 
the United States are sufficient for 3000 yr 
have given us all a sense of security hard 
to disturb. If we discount that statement 
66 pct, which to the uninformed seems 
drastic, we would still have 1000 yr supply, 
and why should mortal man worry about 
the difference between 1000 and 3000 yr 
supply of coal. That is exactly the attitude 
which many who should be better in- 
formed have taken toward the problem. 
A recent brochure ‘‘ How Strong is Amer- 
ica,” by the New York Herald Tribune, 
states there is “no end to coal * * The 
truth is staggering * * U. S. has enough 
coal to last 4000 years.’’ What the state- 
ment actually means is that the calculator 
got as high as 4000 yr and decided it was 
pointless to go on. The President’s ERP 
Committee on Natural Resources and 
others in high places continue to assure 
the country of our superabundance of coal. 

In the past few days the ‘‘ Wall Street 
Journal”? carried an item from Director 
Boyd of the Bureau of Mines saying that 
within a hundred years we would need to 
triple our annual coal production of 
600,000,000 tons, making it 1,800,000,000 
tons annually, and at that rate we had 
coal reserves sufficient for 1000 yr. In my 
humble opinion, we cannot now or ever 


Manuscript received at the office of the 
Institute February 14, 1948. Issued as TP 2428 
in CoaL TECHNOLOGY, August 1948. 

* President, Johnstown Coal and Coke Co., 
Johnstown, Pa. 


produce 1,800,000,000 tons annually, be- 
cause we do not have the reserves in the 
producing districts to do it. 

Past reckoning in geology may be, as in 
the Psalms, a thousand years are as 
yesterday, but the future must be con- 
sidered more realistically, and ‘“‘a thousand — 
years” is really a “‘heck”’ of a long time. 

In most developed areas, mining engi- 


neers can count the coal reserves in terms ~ 


of a hundred years or less, and in some 
important areas now producing large 
annual tonnages in much under fifty years. 
They think when they hear of thousands 
of years coal reserves, reference is made to 
distant fields and “the fields are always 
green far away.” 

The estimates of our coal reserves upon 
which we are relying were made in 1907 
under the direction of Marius R. Campbell, — 


Director of the United States Geological — 


Survey. It is apparent this work was not 
well done. It was necessarily based on 
rather meager data because of the little 
development and prospecting as of that 
date. There were mistakes in the correla- 


, tion of seams, and they assumed the con- 


tinuity of thick seams throughout large 
coal bearing areas where coal often did not 
exist. The overstatement of coal bearing 
areas in the Campbell figures are common. 
The 1907 survey includes all coals over 


14 in. in thickness to a depth of 3000 ft. 
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The total coal reserves according to 
Campbell were 3157.2 billion tons. The 
production and mining losses that year 
would amount to 570 million tons and 
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indicate reserves sufficient for 5500 yr. 
There have been a number of estimates of 
our coal resources, some of them based 
on the Campbell figures less subsequent 
production, with liberal allowance for 
mining losses, but apparently no new base 
survey.. The Wrather statement as of 1936 
shows a total of 3180.8 billion tons, a 
slight increase over the Campbell figures, 
but it included certain radical increases in 
some and reductions in other state figures. 

In the 1936 figures, Colorado tonnage is 
reduced 55 billion, Illinois 42 billion, 
Michigan 10 billion, New Mexico 143 
billion, Oklahoma 24 billion, Pennsylvania 
16 billion, Utah 103 billion and West 
Virginia 83 billion tons; while many were 
increased substantial amounts. Indiana was 
increased 8 billion tons, Kansas 22 billion, 
Kentucky 17 billion, Missouri 43 billion, 
Montana 78 billion, North Dakota 100 
billion, Washington 43 billion, and Wyom- 
ing 106 billion tons. It is hard to understand 
these increases in view of subsequent 
developments. 

The United States Coal Commission 
made a survey as of 1923 of recoverable 
reserves, and The National Coal Assn. 
has brought that survey down to 1945 
by deducting the production meantime. 
They have reduced all the state figures 
and dropped some entirely, making in 
1945 the total coal reserves at 1614.8 
billion tons, or sufficient say for 2000 yr. 

‘It is recognized that at best, in the 
calculation of coal reserves, there are many 
imponderables, but adding 100 billion 
tons or deducting too billion tons from a 
state’s reserves with such reckless abandon 
would seem to indicate a degree of guessing 
hardly to be expected of our Government 
officials. 

Some of the State Geological surveys 
have made more recent estimates of coal 
reserves based on later and more accurate 
information greatly reducing their state’s 
figures, but the United States Geological 


a and the Bureau of Mines ignore 
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them and continue to quote their own 
fantastic and misleading figures. 

In Pennsylvania the State Geological 
Survey estimated coal reserves as of 1926 


_at 44 billion tons of recoverable coal. The 


coal Commission figures reduce this to 
32 billion tons Jan. 1, 1945. The United 
States Geological Survey shows 14,200 
sq miles of workable coals, which is the 
total area of the townships or counties 
that contain any coal. The State shows 
only 8300 sq miles of coal bearing area. 
They both indicate coal over the entire 
area 814 ft thick, which to anyone familiar 
with the field is a gross overstatement. 
The State’s figures show 537 million tons of 
Moshannon coal in Clearfield Co., and 
except for the dregs, this seam has been 
worked out for 20 yr. The total recoverable 
coal in Clearfield Co. was given as over 
2 billion tons, and the whole area is about 
exhausted. The State survey indicates over 
a billion tons of recoverable Pittsburgh 
seam coal in the famous Connellsville- 
Greensburg. field, and except for a few 
large operations nearing exhaustion, those 
fields are about worked out. Except for 
Greene and Washington counties, there 
are few large areas of undeveloped coal. In 
my opinion, to billion tons would be a 


high estimate of all the coal in all seams 


that can be See mame recovered in . 
Pennsylvania. 

In Maryland the United States Geo- 
logical Survey shows 8 billion tons in 
455 sq miles, equivalent to a seam 18 ft ° 
thick over the entire area, while a great 
deal of this area contains no coal. I am 
well acquainted with the coal fields and 
coal mines of Maryland, and in my opinion 
200 million tons is a high estimate of coal 
reserves. 

In Ohio they see 86 billion tons, 
raised to 92 billion in 1936, while the State 
Geological Survey shows about ro billion 
tons of recoverable coal. Mining losses in 
Ohio are high, due to roof conditions in 
the principal seams. Probably not more’ 


_ of the reserves are in seams of extremely 


- 
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than 60 pct of the coal is being recovered. 
The best and cheapest mined coals are 
gone. From information available, 6 billion 
tons for Ohio is believed high, as over half 


doubtful quality and thickness. 

The Illinois figure of 240 billion tons 
would indicate a seam 7 ft thick over 
about two-thirds of the area of the state. 
The Coal Commission reduces this figure 
to 53 billion tons. Probably not more than 
50 pct of the valuable 1o-ft thick seam in 
southern Illinois is being recovered, and 
12 yr ago it was said to have a distinctly 
limited life. Reports presented at a recent 
Illinois Coal Research Conference would 
indicate the original estimates of the 
United States Geological Survey were so 
overstated as to be useless. I have dis- 
cussed Illinois coal resources with oper- 
ators and engineers with varying results. 
Some southern [Illinois operators are 
expecting substantial reserves in other 
fields they know little about. They may 
be disappointed. My guess for the recover- 
able coal in Illinois would be less than 20 
billion tons, or 10 pct of original estimates. 

What is said about Illinois could be ap- 
plied with equal force to Jowa, Missouri 


and Kansas. A leading coal operator of that. 


area, who is interested in the subject, says, 
instead of 29 billion tons, Iowa should be 
credited with 3.5 billion, Kansas 0.8 billion 
instead of 29 billion, and Missouri 3.5 
billion instead of 84 billion tons. 

Who would ever suspect that 11,000 sq 
miles, or one fifth of the state of Michigan 
contained coal in the amount of 12 billion 
tons? This the 1936 report reduced to 1.9 
billion tons and by the Coal Commission to 
100 million tons, but from what the leading 
operator says, and he has done considerable 
diamond drill prospecting, coal of com- 
mercial value is very limited. 

Kentucky is credited with from 60 to 121 
billion tons covering 16,670 sq miles in the 
east and west Kentucky fields. The high 


‘figure is equivalent to a seam about 7 ft 


thick over two-fifths of the state’s area. 
The leading operator says about five billion 
tons or 50 yr work at the present rate of 
production is about all that is in sight. 

West Virginia, the country’s largest 
producer of coal, is credited with 17,000 
sq miles (or 34 of the state’s area), and 
231 billion tons, the equivalent of a seam 
14 ft thick over the entire area. The Coal 
Commission* shows 64 billion, but the 
State Geological Survey claims 116.6 bil- 
lion tons, and they have probably done 
more work on coal resources than any 
other state agency. The state’s figures 
would represent a seam 7 ft thick, and any 
one acquainted with the West Virginia 
fields would recognize this as an extrava- 
gant claim because of the very large areas | 
within the coal fields where no coal exists. 
According to reliable engineer estimates, 
the famous New River and Winding Gulf 
fields are well on toward exhaustion. Some 
of the larger producers have but a few 
years’ life and few more than 20 yr, and yet 
the state survey credits these areas with 
over 6 billion tons, or over 200 yr life. Few 
in the Pocahontas fields have reserves for 
more than 75 yr and most will be exhausted 
long before so yr, and yet the state’s 
figures indicate 400 yr life. In nine coal 
producing counties of southern West Vir- 
ginia, from which over 60 pct of the produc- 
tion now comes, the state shows 48 billion 
tons, while reliable private surveys show a 
little over 9 billion tons. In two northeast 
counties the state shows over 1.7 billion 
tons, while private estimates indicate but a 
trifling amount. In a newly developed field 
in the central area, comprising three coun- 
ties, the state figures show over 13.5 billion 
tons, while private figures based on a great 
deal of diamond drill and crop prospecting 
shows a little more than a billion tons. It 
would appear from information available 
that West Virginia coal tonnage is not 10 
pct of the Government’s 1907 Bgures;: or 
about 20 billion tons. 

Virginia is shown to contain 1550 sq 
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miles in the southwest fields, with 21 billion 
tons, or the equivalent of a seam 14 ft thick 
over that area, which seems a very ex- 
travagant claim. The Brushy Mountain 
anthracite field, credited with 200 sq miles, 
Or 128,000 acres, equal to a 4.7 ft seam 
over that area, will not surprise you more 
than the statement that the Richmond 
field has 96,000 acres and 600 million tons, 
the equivalent of a 4 ft seam over that 
entire area. 

The Alabama field of 843 sq miles and 
68.9 billion tons is the equivalent of an 8.5 
ft seam over the entire area. It is said the 

Coosa field shown to contain 260 sq miles 
and 2.4 billion tons has little if any coal of 
commercial value. A prominent Alabama 
geologist well acquainted with the coals of 
that state says 3 to 6 billion tons would bea 
high estimate for that state. 

One may well wonder where a billion tons 
of coal would be found in California and 

goo million tons in Georgia. 

Tennessee is credited with 4400 sq miles 
of coal over 8 ft thick, containing 25.7 bil- 
lion tons, while the thickest seam worked is 
5 ft and most coal is around 3 ft thick. 

- Oklahoma is shown to have 10,000 sq 
miles of coal 8 ft thick, containing 79.3 
billion tons, which will surprise Oklahoma 
operators, as they mine coal only 17 in. 
thick and the average seam thickness in the 
mines of the state is 33 in. 

Texas is said to have 8200 sq miles or 
8 billion tons of bituminous coal and 200 sq 
miles of lignite, containing 23 billion tons, 
or equivalent to a 12 ft seam. One of the 
largest Texas oil companies drilled exten- 
sively in an area supposed to contain coal, 
but found none. The job seems to be to find 
these vast reserves, existent apparently 
only in the official reports. The impression 
in the east is that these big coal reserves 
are to be found in the west, and the West- 
erners assume they are in the east. 

- Colorado is shown to have 10,130 sq 
miles of coal containing 371.8 billion tons, 
indicating coal of 39 ft thickness through- 
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out this entire area. If the 4180 sq miles of 
possible coal areas is included, the coal 
would be 27 ft thick. In the Uinta field of 
6000 sq miles and 271.8 billion tons, the 
coal would be 47 ft thick. Does anyone 
imagine nature has blessed Colorado so 
extravagantly? Well, ask the coal operators 
of Colorado. The Chief Engineer of the 
largest operator in Colorado, a company 
owning tremendous coal acreage on the 
west slope and the east slope, and which 
company has pretty well covered the state 
looking for coal of special quality, says 
that 1 pct of 319 billion tons, or only 3 
billion tons, for Colorado would be hard to 
find. “The coal deposits in Colorado are 
rather freakish and irregular. A six foot 
seam may disappear entirely a mile from 
the opening. The better grade coals of the 
Trinidad fields, which have been operating 
for sixty years, are about gone.” : 

In Utah the 1907 report showed 106 bil- 
lion tons. The 1936 report reduces that 
figure 103 billion tons to 93 billions. Where 
it all disappeared is not clear. The original 
figu e indicated coal over 15 ft thick over 
the entire 13,000 sq miles. The Coal 
Commission gives 46 billion tons, and the 
leading coal operator says there are under 
2 billion tons that can be recovered eco- 
nomically. These look like a series of 
guesses, and from my own experience I 
would consider the 2 billion figure the most 
reliable. Western mining engineers say the 
better grade coals in southwest Wyoming 
and Utah are largely worked out, and the 
same thing is true for Montana and Wash- 
ington. Yet the United States Geological 
Survey indicates 44 billion tons of bitumi- 
nous reserves. 

Washington is credited with 1100 sq 
miles and 20 billion tons, indicating coal 
over 20 ft thick, while the 1936 figures of 
63.6 billion tons would indicate coal 60 ft 
thick over the entire area, although the 
1936 tonnage may have included a larger 
area. 

In Montana over 34,000 sq miles, or 
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about 14 the area of the state, is said to 
contain 303.1 billion tons, or a 10 ft bed of 
coal mostly lignite. 

New Mexico is said to contain 163.8 
billion tons spread over 13,000 sq miles 

“representing coal 13 ft thick. The United 
States Geological Survey’s report of 1936 
reduced this to 20.7 billion tons, but the 
United States Coal Commission’s report 
calls for 97.2 billion tons, while the average 
thickness of seams worked is 5 ft. 

In North Dakota nearly half the area of 
the state is shown by the 1907 report to 
contain 500 billion tons, and by the 1936 
report 600 billion tons of lignite, or equi- 
valent to a 20 ft seam over that entire area, 
while the seven operating mines reporting 
show coal of 7 to 20 ft or an average thick- 
ness of 12 ft and a life expectancy of 20 to 
30 yr. 

In Wyoming over 20,000 sq miles are said 
to contain 424 billion tons, or the equiva- 
lent of a coal bed 22 ft thick over that en- 
tire area. The Green River field with 4855 
sq miles and 199.2 billion tons would indi- 
cate 41 ft of coal over the whole area. Or, 
if the 1350 sq miles of ‘‘ possible” coals were 
included, it would still indicate a deposit 
33 ft thick. To say the least, these figures 
seem excessive. 

The purpose of this paper is to emphasize 
the need for a prompt and realistic survey 
of our coal resources, showing the thickness 
and depth of the seams, the quality and 
character of the coal, and its location with 
reference to the needs of our whole economy. 

It was asserted at the Denver meeting 
last October that no one should have the 
temerity to question the Government 
figures unless they submitted maps and 
records proving their statements. Well, that 
is quite a burden to impose upon an indi- 
vidual to justify an opinion regarding our 
coal reserves. But that is exactly what could 
be done in many cases in the east where 
many have knowledge of the wide dis- 
crepancy between the Government figures 
and private records based on prospecting 


{ 
and actual development. It is these wid 
differences that prompt the fears and lea 
to the belief that these fantastic and un 
believable figures of the United State 
Geological Survey are wrong and danger 
ously misleading and should be correcte 
promptly. 5 
At the risk of severe criticism, because: 
my interest in the subject, I have the urg 
to give you my guess as to our coal reserves 
I would fix the total at over 223 billio: 
tons, or sufficient at present productioi 
rates and mining losses for 250 yr. But i 
the highly industrialized east, where 9 
pet of the coal is produced and used, - 
estimate over 73 billion tons, or only 9 
yr supply. | 
The coal industry has been so destruc 
tively competitive over the years. tha 
much coal has been lost in mining tha 
could have been recovered for a few extr 
cents per ton. Coal mines have been aban 
doned for economic reasons, resulting j 
the loss of millions of tons of coal, for mos 
of which the cost to recover would bi 
prohibitive. | 
The limitation of our total coal reserve 
is serious enough, but of more concern i 
some Eastern fields is the serious decline i 
deep mine production which has been goini 
on for some years past. Were it not for thi 
large and increasing strip coal tonnage 
shortage would now be felt. From 20 ti 
over 40 pct of total product in some aster: 
fields is strip mined coal, and about 20 pe 
in the nation as a whole now comes fro» 
stripping. In most areas strip mining 
confined to a narrow strip of coal aroum 
the outcrop of the seam which was ne 
recovered in underground mining becaus 
of poor quality or bad roof condition) 
Much of it could not be marketed now : 
cause of quality except for the strong di 
mand and the inability of consumers to ge 
other, better coal. While there are sont 
strip areas where underground mining ha 
not been done and overburden up to 85 an 
90 ft is being handled, in most cases it, 
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done in shallow areas and stripping cannot 
be expected to provide a very large tonnage 
for more than 5 to 10 yr. 

A perusal of Coal’s “Blue Book” shows 
a surprisingly long list of mines, some large 
producers, with a life expectancy of 10 yr or 
less. Not all companies give this informa- 
tion, and those reporting are prone to show 
larger reserves than actual. Many mines 
not reporting are known to have reserves 
for less than 10 yr. 

But the fact is a decline in deep mined 
production is already under way. In an 
Eastern area producing nearly 200 million 
tons annually it is predicted that the decline 
in production of deep mined and strip 
mined coal will be 90 million tons in 10 yr. 
Much of this production, but not all, can be 
made up by new openings in undeveloped 
coal. In many areas there is no virgin terri- 
tory to replace worked out mines. The 
situation in the East in 20 yr will be im- 
neasurably worse, as many more mines will 
ye exhausted with no new areas available 
or development. 

The growing shortage of low sulphur 
soking coals is not new to this group. 
Recent purchases of mines by the steel 
nterests have taken out of commercial pro- 
luction some large tonnages, with more to 
ollow. It may be surprising to learn that 
f the 7033 coal mines reporting in 1945, 
140 mines produced 1214 million tons, or 
in average of only 15 tons per day. Another 
920 mines produced 45 million tons or less 
han 9o tons per day. These are mostly 
amily or co-operative groups, mining the 
regs, from little patches of crop coal left in 
y the larger abandoned operations. 

The Bureau of Mines says, ‘When the 
ituminous coals are exhausted, particu- 
arly in the East, and our natural oil and 
as is gone, we can then get liquid fuels 
rom the ‘enormous proven deposits’ of 
ub-bituminous coal and lignite located in 
he Dakotas, Montana, Wyoming, Colo- 
ado and Texas.” If their estimates of these 
Ww grade solid fuels are as erroneous and 
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misleading as are their estimates of bitumi- 
nous coal in the East and West, we may 
find ourselves paying dearly for the shock- 
ing waste now going on in the production 
and use of our valuable and fast disappear- 
ing natural resources: oil, gas and coal. 

’ Our nation may become one of the “‘have 
nots”’ sooner than we deserve. 

If we admit the existence of large re- 
serves of subbituminous coal and lignite in 
the West, we should be informed as to the 
cost of replacing in small measure what we 
are now wasting in the east. As mined, 
lignite contains 28 to 45 pct moisture— 
something like a sponge for holding water—__ 
and subbituminous coal from 15 to 28 pct 
moisture. When exposed to air, the mois- 
ture evaporates and the coal disintegrates, 
breaking into small pieces. These fuels also 
have a bad habit of igniting spontaneously 
and can be stored safely only under water 
or in closed bins, so that they cannot be 
shipped and must be used or processed near 
where produced. 

A few years ago, a Bureau of Mines’ 
report indicated that to produce gasoline 
from coal by the hydrogenation process 
would cost 10 to 15 cts per gal more than 
from natural oil, and that the cost to pro- 
duce gasoline by the Fischer-Tropsch 
process, if future improvements contemplated 
are a success, will be 6 to 8 cts per gal more 
than from oil. These figures need reviewing, 
as the cost to produce coal has doubled in 
the past few years, although with extreme 
scarcities cost becomes less a factor. 

Imagine if you can in the not too distant 
future depending upon “‘bottled gas” from 
the Rocky Mountains or the Black Hills for 
energy for our highly developed economy 
in the east. 

It is not alone oil and its products, par- 
ticularly motor fuel, we need be concerned 
about; but fuel for power and heating, for 
industry, the utilities and every service 
now depending upon coal and oil. 

We are hearing much about synthetic 
fuels, the commercial feasibility of plants to 
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convert coal to oil and its products, gasoline 
and even gas. The cost to build a plant for 
10,000 gal of gasoline daily is said to be 
$100,000,000. 

To justify this large investment would 
require an area of coal 15,000 to 20,000 
acres, and there are comparatively few such 
large undeveloped tracts of coal in the 
eastern area. 

It is said nearly 50 pct of natural gas is 
used for industrial purposes in competition 
with coal and at prices much below the 
equivalent cost of coal. The Federal Power 
Commission has approved certificates of 
convenience and necessity for lines not yet 
constructed and is considering others which, 
if granted, will displace millions of tons of 
coal. This competition can only result in 
the abandonment of many high cost mines 
and the further loss of millions of tons of 
coal underground, every ton of which 
should be conserved. 

This silly waste of natural gas, nature’s 
purest fuel, should no longer be condoned. 

In view of the tragic shortage of oil and 


the near shortage of coal, this final act of © 


the gas interests seems like the last»grand 
fling of an improvident people who should 
want rather to conserve natural gas for the 
comfort and convenience of the domestic 
consumer, for which use it is best adapted. 

From my many years of experience pro- 
fessionally and as an interested traveler in 
the coal fields of the United States, of one 
thing I am convinced, and that is we should 
no longer think of our coal reserves in terms 
of aeons or even centuries, but they should 
rather be thought of and reviewed in terms 
of decades if we are to make proper provi- 
sion for our expanding needs ‘‘and make the 
most of what we have.” 

No one should be more interested in the 
conservation of our fuel resources than the 
mining engineers of the AIME. It would be 
natural for our citizens and political leaders 
to look to such an organization for guid- 
ance. It is imperative that we learn the 
facts as to our coal reserves and that right 


early. It is hoped this paper will provoke 
the discussion and action necessary to get 
started on a survey, because, in my opinion, 
the very security of our nation is dependent 
upon it. 


TaBLE 1—Estimates of Coal Reserves 


U.S. Geolog- | Coal 
ical Survey _| Com- 
mission 
State Area Original 
Sq. Mi Coals, LY Te 
Billion Tons | Jan. 1 
1945 
1907 | 1936 
Alabama /..3b ve yen 8430| 68.9] 66.6 32.7 
ATizong oe’ emer 30 =i * 
Arkansas \27.\ durch 1684 1.9 £3 1.0 
Californias.) .22.4e 500 I.0 * 
Colorado: .i....5+24) £LOLZO] 3777S] SIG) as yes 
Georsigds 34 olesimse 167 -9 -9 * 
Idaho and Oregon... 430 1.6 i * 
Dhnois.3 35 221,028" 35000] 240.0] 197.8 5227 
Indiana 6500] 44.2] 52.0 26.2 
Lowa; tite vese loses 12560] 209.2) 28.7 14.3 
Kprisas i oct ate seca 3100 7.0] 20.7 14.3 
Kentucky..........] 16670) 104.0] 121.5 61.2 
Louisiana... 8800 
Maryland. 455 8.0 VE | aa 
Michigan. . I1000] 12.0 1.9 ry 
Mississippi 7500 
issouri 16700} 40.0] 83.7 20.2 
Montana ...| 34067] 303.1] 381.0] 183.2 
New Mexico........ 13335] 163.8] 20.7 95.2 
North Carolina..... 60 12 rx * 
North Dakota...... 31240] 500.0} 600.0 * 
Ohio.. ode qoutes st £2660] 86.61 soate 34x 
Oklahoma.....<../.; 10000], 79.3] 54.8 18.2 
Penna. Acowomoen= 480| 21.0) 14.6 
PennanBies.. oan 14200] 112.6) 103.3 32.3 
South Dakota...... 2000] Io. 1.0 * 
Tennessee...:...... 5400] 25.7] 25.3 8.3 
LOXAS ta gods esle eres 10200] 31.0} 30.9 14.1 
UtAH MRA eee 13130] 196.5] 93.2 40.3 
Warp inia.. code wateisios 1900] 22.5] .2r-a| * 30.5 
Washington........ I100] 20.0} 63.6 32.3 
West Virginia...... 17000] 231.0] 147.7 63.9 
Wyoming... .tscs. 20568] 424.1] 620.3} 340.4 
Other States........ * 356.0 


327,506/3157.2/3180.8| 1614.8 


* Includes Arizona, California, Georgia, Idaho, 
North Carolina, Oregon, North and South Dakota. 


DISCUSSION 


(Henry F. Hebley and E. E. Finn presiding) 


G. H. Capy*—Mr. Crichton has performed 
an important public service by calling attention 
to the need of a revision of the inventory of the 
coal resources of the United States. Of greatest 
need is such a new inventory of the high-grade, 


. low and medium volatile coking coals, the 


supply of which apparently is becoming alarm- 
ingly short. 


It should be pointed out, however, that sys- 


* Head of Coal Division, Illinois Geological ; 


: 


Survey, Urbana, III. 


O2Gy— -* 26 "EO 


eT et el 


DISCUSSION oe 


tematic areal mapping of our coal resources, 
which is the only adequate basis for resource 
inventories, except for a very few states, has 
reached a very low level of activity. Actually we 
-are dependent largely upon areal geology 
mapping carried on many years ago and except 
for information which may be in the file of 
mining companies, and is difficult to assemble, 
little additional knowledge about the resources 
is available than when the last systematic in- 
ventory was made by the late M. R. Campbell. 
An accurate inventory of our coal resources will 
never be possible unless systematic investiga- 
tions of coal resources are resumed on a scale 
commensurate with its importance. There is 
much danger that in the momentary en- 
thusiasm for revision of the inventory that this 
will be attempted without the essential pre- 
liminary studies that will require several years, 
and with the result that for many parts of the 
country there will be little improvement in the 
estimates over those made by Dr. Campbell, 
with the possibility that they will be unreason- 
ably reduced. 
It is also well to point out that the nature 
_of a reserve varies from year to year as mining 
methods and distribution and utilization prac- 
tices are modified. Coal resources which would 
have been regarded as commercially realizable 
reserves 4o years ago in the light of then exist- 
ing mining conditions and practices, appear no 
longer to qualify in this category, judging from 
the recent shifts in mining districts. Although 
these “abandoned” coal supplies no longer 
appear to qualify as marketable reserves, is it 
justifiable to regard such coal as an entirely 
“negligible potential energy resource? 
Br The Illinois State Geological Survey has 
devoted much time and attention in the com- 
piling of accurate inventories of the coal re- 
‘sources of the state. However, because the 
-deep-lying coal beds in the north half of the 
‘Illinois coal field have not been regarded with 
fayor for many years by the coal mining indus- 
‘try, exploration of the resources in that area 
‘stands about where it did nearly 40 yr_ago. 
‘It is doubtful whether a much more accurate 
idea of these rescurces, except in the outlying 
strippable areas, would vary much from that 
which formed the basis of Dr. Campbell’s esti- 
‘mates. The change in the inventory, if any 
were made, would result from adopting new 
bases of evaluation in the light of recent trends 
ee. - 
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in the mining and utilization of coal. It is sus- 
pected that similar conditions exist in many 
coal fields. Hence, it is necessary to come to an 
understanding in regard to the bases of evalua- 
tion that will be adopted in preparing an inven- 
tory of coal resources as determined by present 
practices and reasonably probable future 
changes. 

Furthermore, it should be realized that 
quantitative estimates are inescapably highly 
variable, for example, a change of one foot in 
the estimates of the average thickness of coal 
in the approximate 37,000 sq miles of the 
Illinois coal basin, would result in a change in 
the estimates in the order of 40 billion tons. 
Precision in the estimates of average thickness 
are exceedingly difficult to attain and cannot be 
attained in many districts without much more 
information than is yet available. 


A. C, FIreEtpNER*—Mr. Crichton has pre- 
sented a timely and important paper in view of 
present concern regarding our fuel reserves. We 
have accepted with comparatively little revi- 
sion geologically inferred estimates made a 
number of years ago, It is my personal opinion 
that these would be scaled down, perhaps con- 
siderably, by a present day investigation, but 
not so drastically as suggested by Mr. Crichton. 
I am in complete agreement with him that an 
up-to-date survey of our coal reserves is of 
fundamental importance in the national inter- 
est. If our minable coal deposits are less than 
ro pct of the commonly used estimate of three 
trillion tons, then we need to turn over a new 
leaf in our national attitude toward mining 
practices which recover only one-half to two- 
thirds of the coal in the deposits. 

A field investigation, covering 10 states, of 
losses in mining bituminous coal was made by 
the U. S. Coal Commission and the Bureau 
of Mines in 1923.1 In this study the losses were 
classified as ‘‘unavoidable or as avoidable 
without undue danger to life, without undue 
labor per ton of product, much in excess of that 
now prevailing in the bituminous mines of the 
country, and without serious damage to build- 

*Chief, Fuels and Explosives Division, 
Bureau of Mines, U. S. Department of the 
Interior, Washington, D. C. 

1George S. Rice and J. W. Paul: Amount 
and Nature of Losses in Mining Bituminous 
Coal in Eastern United States. Report of the 


U. S. Coal Commission (1925) part 3, 1841- 
1876. 
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ings and engineering works on the surface.” 
The unavoidable losses were found to average 
15.3 pct of the coal in the mines then operating 
and the avoidable losses 19.4. The total loss was 
35 pct and the average recovery 65. 

These losses refer only to current operations 
of active mines and consist of: (1) Coal left on 
the roof and bottom. (2) Coal lost in room, 
entry, and panel pillars. (3) Coal lost in pillars 
around oil and gas wells. (4) Coal lost under 
buildings, railroads and in boundary pillars. 
(5) Coal lost in handling and preparation, 
underground and surface. (6) Coal lost in rolls, 
thin or dirty areas. ‘ 

Rice, Fieldner, and Tryon? in 1935 called 
attention to additional losses and irrecoverable 
coal such as patches of uneconomically minable 
coal left behind when a mine is abandoned, and 
areas so small in extent or so isolated that even 
for the future they give no promise of being 
mined economically. They considered the total 
amount of such waste as indeterminate but un- 
doubtedly large. 

It is not known whether the greatly increased 
degree of mechanization of coal mines since 
1923 has increased or decreased mining losses. 
We should know the facts and conduct a sur- 
vey of the percentage of recovery in present day 
practice. This should include a breakdown and 
analysis of the losses and their causes, so that 
steps could be taken in solving the prob- 
lems involved in obtaining a greater national 
recovery of coal. The following summary 
bears directly on some of the questions raised 
by Mr. Crichton:$ 

“The central problem in conservation of coal 
resources is not absolute exhaustion in the re- 
mote future but a relatively early increase in 
cost through depletion of the richer and more 
accessible deposits. The anthracite deposits of 
Pennsylvania are 29 per cent exhausted, and 
the anthracite industry has already entered the 
stage of increasing costs. In the bituminous 
fields the life of certain of the finest seams of the 
Appalachians is limited to 30 to 100 years at 
1929 production. Resort to thinner or less 
accessible beds, of which large reserves are 
available, will increase the difficulties of mining, 
and under really difficult conditions the labor 

2 George S. Rice, A. C. Fieldner and F. G, 
Tryon: Conservation of Coal Resources. Trans. 
Third World Power Conference, Washington, 


D. C. (1936) 6, 690-601. 
3 Pages 720-721 of reference 2. 


required per ton may be doubled or quad- 
rupled. Avoidable wastes in mining bituminous 
coal range from 5 per cent to 30 per cent of the 
seams now worked, the average being 19.4 per 
cent. In an ordinary year the avoidable loss is 
136,000,000 metric tons. 

‘Prevention of these wastes is less a techni- 
cal than an economic and institutional problem. 
In many cases recovery of pillars may add 
slightly to the cost of production, and under 
level agricultural lands damage may result from 
surface subsidence. A small increase in total 
cost, however, would make possible a very large 
increase in recovery.. 

“Improvement is made difficult by the de- 
structive competition characteristic of the 
industry, resulting from scattered ownership 
of the abundant resources, existence of 6,000 
competing mines in 31 states, and a huge excess 
of capacity. As long as mining operates in sur- 
roundings of poverty, the individual operator 
can hardly avoid wasteful practices, and the 
individual states, which have constitutional 
authority to prohibit waste, are unable to act. 
The necessary first step in reducing waste there- 
fore is economic stability within the industry 
and provision for collective action, which can- 
not be achieved without assistance from the 
Federal Government. If the industry can be 
established on a stable and profitable basis, the 
states may be able to exercise their constitu- 
tional powers by regulating wasteful practices. 
state legislation limiting the mine operator’s 
liability for surface subsidence to the actual 
cost of restoration also is needed.” 

This quotation shows that the Bureau of 
Mines also has called attention to the im- 
portance of conserving our coal resources. Mr. 
Crichton has done well to call our attention to 
the need for revising estimates of coal reserves 
on the basis of up-to-date information. It is 
obvious that industry and the state and Federal 
governments should undertake such revision as 
soon as possible. 


R. C. Moore* and E. K. Nrxon*—Although 
we do not agree in detail with some of the con- 
clusions of Mr. Crichton, feeling that he has cut 


the cloth a bit too narrow, it is nevertheless our — 


belief that his ideas are in the right direction 


_ *State Geologist and Geologist, respec- 
tively, State Geological Survey, University of 


Kansas, Lawrence, Kansas. 
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and that his giving the paper had the effect of 
waking us up a bit on the domestic coal reserve 
matter. 

Probably it goes without saying that most 
informed engineers and geologists have taken 
the 3000-year coal reserve figure of the federal 
agencies with a grain of salt, but we have had 

_ nothing else more accurate to put forth. 

We feel strongly that there is a sufficient 
volume of doubt on this coal reserve matter to 
justify the federal agencies making a new and 
thorough job of determining actually and con- 
servatively what the facts are on proved, 
probable, and possible domestic coal reserves. 

We might point out that the figure the author 
gave for Kansas’ coal reserve, namely, 0.8 
billion tons, was very close to the figure of 
“proved coal” estimated and published by our 
Survey within the last two years. 


H. N. Eavenson*—The timely and thought- 
provoking paper of Mr. Crichton will cause 
many headlines in the press, and probably some 
statements from those responsible for the data 


' criticized, but it is a very much needed state- 


ment on the subject by one well versed in it. 
This writer has not made a critical analysis of 


_ the accepted data such as the author has and 


will not attempt to establish the accuracy of 
either set of figures. Those in this paper repre- 
sent the opinion of a mining engineer as to the 


reserve that can be recovered on an economical 


basis, while the geologist’s figures represent 
estimates of all the coal in the ground, includ- 


_ ing some of which there is no real knowledge, 
_and in many cases, little likelihood of existence. 


Y 


Apparently the general public believes that 
this nation has ample coal reserves to provide 


fuel for some thousands of years, even assuming 


f 
» 


that the present users of natural gas and 


petroleum products will be compelled by their 


xv 
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scarcity to turn to coal either as a direct fuel 
or as the source of the liquid fuel they would 


prefer to burn, and at a cost that will not be 


far different from what is now being paid, al- 
though, of course, they expect that recurrent 


strikes will continue to increase costs somewhat. 


_ This belief is not in accord with the actual 


facts, and it is time the true condition is ascer- 


sine 


tained, and that our national policies be 


“ 
“a 


changed accordingly. 


sd * Eavenson and Auchmuty, Pittsburgh, Pa. 
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It is reasonably sure that our total reserves of 
coal will be much larger than Mr. Crichton 
states, but it will also be found that mining 
most of the additional amount will be much 
more costly than the present production, and in 
fact that long before the coal reserves are ex- 
hausted, it may be that some other source of 
heat energy may be found to be cheaper. 

Funds should be provided to correlate all the 
existing information about our coal reserves, 
and to obtain enough more to enable a reason- 
ably correct estimate to be made. This writer 
has supervised drilling in many Appalachian 
areas and has invariably found that coal seams 
of any importance are very scarce long before 
the 3000-ft depth limit is reached, and in the 
eastern fields, at least, he is very skeptical of 
any considerable quantity of even thin coal 
being found more than 1ooo ft deep. Such an 
estimate, when made, should differentiate the 
reserves estimated between those capable of 
being mined under presently known methods 
and those whose existence is only problematical. 
The specifications of such reserves should 
properly be made by the committee recently 
appointed by the Institute to initiate such a 
program. 

Mr. Crichton is to be congratulated on hay- 
ing spent so much time and energy on this 
subject and on his courage in expressing his 
opinions about it. 


H. M. BANNERMAN*—Mr. Crichton was kind 
enough and courteous enough to send a copy 
of this paper to the Geological Survey several 
days ago. Asa result, Dr. Wrather, the director, 
planned to attend this session for the purpose 
of participating in the discussion. However, he 
was unable to attend because of urgent mat- 
ters relating to the AIME, and for that reason 
he asked me to offer this short comment in his 
behalf. 

We are very much interested in Mr. Crich- 
ton’s forthright opinions concerning the amount 
of coal available in the United States. Frankly, 
we think he has taken an extreme view. Paren- 
thetically I might say that the Geological 
Survey’s estimates may be at the other end of 
the extreme. However, the problem is obviously 
one which cannot be resolved by debate even 
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though we are firmly convinced that the pros- 
pects for the future are not as gloomy as Mr. 
Crichton predicts. 

We agree, however, that the total reserves as 
published are probably too large. We agree that 
the thicker beds of high rank coal are being 
rapidly exhausted; that considerable reserves 
of subbituminous coal and lignite are both low 
in heat value and remote from centers of con- 
sumption. Nevertheless on a nation-wide basis 
we believe that the reserves of coal are com- 
fortably large as compared with our current and 
probable annual needs. To be sure, much of the 
easy coal is gone. 

We will have to work harder for that which 
we get in the future. We will be forced to mine 
thinner beds and beds less desirable and beds 
more remote from consumption centers. This is 
in keeping with the history of mining as a 
whole. In other commodities there has been a 
general trend in the grade of material that is 
considered minable, and it is only reasonable 
to assume that coal will follow this pattern. In 
our opinion, therefore, Mr. Crichton has done 
the coal industry and the public in general a 
very great service in pointing out the need for 
more and better information about our coal 
reserves. 

But the problem of reappraising the nation’s 
coal reserves is costly and time consuming. The 
only reliable basis for estimating coal reserves 
is detailed basic surveys coal field by coal field, 
mapping outcrops, measuring coal thicknesses, 
and studying the characteristics of the roof 
rock, thickness of overburden, and so on. The 
Geological Survey has been engaged in this 
task for many years and yet there are vast 
areas of our coal fields which are still unmapped 
and many others are inadequately known. The 
preparation of coal reserve figures by states or 
by fields represents primarily the summing up 
of detailed studies, and the totals have value 
and the users of coal will have dependable data, 
only if the estimates are accompanied by de- 
tailed tabulations by rank, by bed, by thick- 
ness, by township and by county. \ 

The last significant revision of the summary 
reserve figures made by the Geological Survey 
were made in 1928. Since then we have been 
unable to carry on this work on an adequate 
scale partly because of lack of facilities, partly 
through pressure of more urgent work occa- 
sioned by World War II. Since the war, 


however, we have renewed our attack upon the 
problem. At the present we are carrying on 
detailed mapping in eight areas in the United 
States: Powder River, Mont.; Durango Field, 
Colo:; Jasonville, Ind.; Pennsylvania Anthra- 
cite, Deep River Coal Field, N. Carolina; 
Knife River, N. Dakota. 

In addition, we are currently engaged in 
summarizing such data as are available on ; 
the total coal resources of Montana. We have 
definite and detailed plans for increasing the 
scale of our work on coal during the coming 
summer, but whether or not these plans will 
materialize depends primarily on whether our 
request for funds to support the work will be 
approved. 


A. B. Cricuton (author’s reply)—The 
discussions of Dr. G. H. Cady of the Illinois 
Geological Survey, and Dr. A. C. Fieldner of 
the Bureau of Mines, bear too much upon the 
economics of coal mining. The amount of coal 
that can be commercially produced and mar- 
keted under modern mining, distribution and 
utilization methods is an important consider- 
ation, I admit, but it refers not so much to 
original reserves as to recoveries in mining. 
It leaves the inference that there are vast 
deposits somewhere in the ground that can 
be recovered as needed later but at a cost not 
now justified. 

It is still my opinion that the original esti- 
mates of the United States Geological Survey 
and most State Geological Surveys are greatly 
overstated, that serious mistakes were made 
as to the coal bearing areas and as to the 
correlation of seams, and that a new and 
accurate survey is long overdue. The comment 
of Moore and Nixon of the Kansas Geological 
Survey would seem to prove it. 

Mr. Eavenson’s discussion is appreciated. 
He has had many years’ experience in the coal 
fields of our country and knows the United 
States Geological Survey figures greatly over- 
state our coal reserves. He sees the need for 
an up-to-date and realistic survey at once. 

The discussion of Dr. Bannerman of the — 
United States Geological Survey shows how — 
grudgingly they yield on coal reserves by 
his statement that the “total reserves are 
probably less than the published figures,” 
while a cursory examination of private data 
readily available would show that there is 
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probably only a small fraction of what pub- 
lished figures show. Why does the United 
States Geological Survey continue to quote 
the high Campbell figures when more recent 
State Geological Survey figures show so vee 
much less? 

He agrees that the thicker and higher rank 
coals are being rapidly exhausted and that 
much of the easily accessible coal is gone, 
leaving the inference there is hidden away in 
the hills enormous deposits in thin seams at 
great depths or coal of an inferior quality not 
now marketable. Where are these coal deposits? 
_ This is another guess without much basis of 

fact as there are few such deposits in the 

eastern fields that could in any substantial 
measure make up the large production now 
maintaining our economy, and which pro- 
duction from deep mines is now so seriously 
and rapidly declining. There is already being 
mined in some fields coal so thin and of such 
poor quality that the energy expended in its 
mining and preparation is almost equal to that 
obtained from the product itself, something 
~ comparable to our atomic bombs. 

The work now being carried on by the Survey 
is mostly in the little developed fields in the 
far West while the area that needs most atten- 

tion is the highly developed. industrial area in 

the East, where 92 pct of our bituminous coal 
is produced and used. In my humble opinion 
the situation is far worse than my present 

" paper indicated. About 25 pct of coal produced 
_ is now coming from shallow strip pits with a 
_ definitely limited life. In many of our largest 
_ producing mines the coal will be exhausted 
within ten years with comparatively few 
undeveloped areas to replace them. With the 
_ growing demand for coal in the East a shortage 
_ is likely in 10 yr and in 20 yr, unless the oil 


. 


pS ‘situation eases, the shortage of fuel in my ° 


i opinion will be very serious. 
Let it be understood the sole purpose of my 
; _ present paper and this discussion is to provoke 
action. I am sure the present Bureau of Mines 
2 and United States Geological Survey officials 
_ would gladly proceed with a survey if funds 
were available for the purpose, and because 
c; I feel nothing is more important to the security 
3 of our country, the AIME and the Coal 


Industry should do all possible toward that 


3 


P. H. Price*—The estimates of original 
coal in West Virginia made by the State 
Geological Survey were generally computed 
from planimetric measurements of the 
acreages shown outcropping on the geologi- 
cal maps (1:62,500) of the various county 
surveys. On seams too close together to 
show both, the acreages of one were inter- 
polated from the other. The thicknesses used 
were of necessity averages but were based 
upon actual seam measurements, core tests 
when available and borings for oil and gas. 

Some of the recent stripping operations 
in the State show a considerably greater 
coal thickness than was used in our compu- 
tations as the average. In some of the 
counties, Pleasants, Wood and Ritchie for 
examples, no estimates were included al- 
though drilling has indicated the presence 
of coal there. No estimates were included 
for the Pocono coals known to be present 
in Morgan, Pocahontas, Greenbrier, Mer- 
cer, Monroe and Summers counties. 

More recent boring for gas and oil 
has proved the coal seams to extend be- 
yond the boundaries used in the original 
computations. 

While it is of course impossible to deter- 
mine beforehand certain ‘‘wants”’ in coal 
seams it is believed that in general our 
estimates are on the conservative side. We 
know of no better way to arrive at the 
original tonnages and must therefore sup- 
port our original estimates. 


A. B. Crrcuton—There can be no 
criticism of Dr. Price or the method 
used by the West Virginia Geological 


Survey in their estimate of coal reserves. 


The West Virginia Geological Survey 
has probably done more field work and 
prepared more maps and reports on 
coal reserves than has any other state. 
But subsequent mine development and 
careful prospecting have shown there is 


* State Geologist, West Virginia Geological 
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much less coal in the principal producing 
fields than the State Survey figures indicate 
and this was pointed out in my original 
paper. 

Considerable core drilling has recently 
been done in Greenbrier and adjoining 
counties and no Pocono coals have been 


found of commercial value. The coal re- 
serves in the seams now being worked in 
the Greenbrier area are very much less than 
the estimates of the State Geological Sur- 
vey. After all, the important thing I have — q 
been trying to emphasize is the need for an — 


' up-to-date and realistic survey. 
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Introduction—Grouting in Mines 
By F. C. Sturces,* Mremper AIME 


By definition the word “grout” means 
a thin mortar, or a kind of plaster or ce- 
ment, and ‘“‘grouting” means to fill up or 
finish with grout. The words “cement,” 
“plaster” and ‘‘mortar” mean a substance 
that is used in a soft state which subse- 
quently hardens. Thus, grouting is the 
filling of void space with a substance that 
hardens. Construction cements are the most 
common substances used, either by them- 
‘selves or in mixtures, but the term grouting 
‘is applied quite correctly when other sub- 
stances such as plastics and certain chemi- 
cals are used. Also, the use of the term 
grouting to cover the filling of voids with 
‘materials that do not actually become 
hard, such as the flotation tailings used in 
‘grouting in the southeast -Missouri lead 
district, should be considered correct, as 
some stiffening does take place and, any- 
way, it is a better descriptive term than any 
substitute. ; 
Engineers are interested in grouting 
‘because some of the materials with which 
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they must work contain voids, and certain 
conditions can be improved if these voids 
can be filled with something solid and per- 
manent. Grouting is done to accomplish 
several purposes: r. To stop the passage of 
fluids and gases, 2. To cement materials 
together to make them stronger, and 3. 
To prevent consolidation of materials by 
filling void space with something solid as a 
replacement for the air and water that 
could be forced out under load. 

The construction industry uses grouting 
extensively for all three purposes. Grouting 
is used to stop water percolation under and 
around dams. It is used to control water 
flow in tunnel driving and in shaft sinking. © 
It is used to improve foundation conditions 
under civil engineering structures by per- 
manently filling void space and thereby 
reducing settlement, or by cementing 
broken rock together and increasing its 
supporting strength. 

The oil and gas industry does a lot of 
grouting, primarily to stop the passage of 
gases and fluids. The search for oil at in- 
creasingly greater depths has meant 
greater investment per well, and the oil 
industry has spent large sums on develop- 
ment of improved drilling methods. This 
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research has resulted in the development of 
better methods and better materials for 
pressure cementing work on wells, and we 
are indebted to their engineers because 
these new developments are also available 
for other grouting work. 

Mining men who extract their minerals 
in a solid state rather than a liquid state 
have some of the same problems to meet 
that their brothers in the construction and 
oil industries have, because they are work- 
ing with the same basic material—the crust 
of the earth. This crust is full of cracks and 
crevices, and the mining engineer has to 
solve problems arising from the fact that 
these crevices usually carry water and 
weaken the roof and walls of his mine. 
However, the mining’ industry as a whole 
has not made as extensive use of grouting 
to solve these problems as do the construc- 
tion and oil industries. This is probably 
because most mining men have had the 
opinion that grouting would be too expen- 
sive to consider. When it comes to dis- 
cussing cost of grouting, little can be said 
except that the cost depends on the particu- 
lar job. For instance, our charges for 
grouting have ranged from as high as $5.00 
per cu ft injected to as low as so¢ per cu ft, 
including furnishing the materials. Each 
job is a special case, and it should be 
pointed out that where a grouting job has 
a high cost per cubic foot the total cost of 
the job is generally low, and vice versa. 
The job mentioned above where the cost 
was so high per cubic foot was done with 
just a few sacks of neat cement, whereas the 
low cost per cubic foot on the other extreme 
was done with a mixture that was only to 
pct Portland cement and where the rate of 
injection was over 7000 cuft per day. Where 
cementing action is important neat cement 
is generally used, but where the strength of 
the grout filling the voids is not so impor- 
tant, substantial savings can be obtained 
by using a mixture of a substance such as 
rock flour with a smaller amount of Port- 
land cement. 
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The following table shows different sub- 
stances that have been used for grout: 


TABLE 1—Grout Materials 


1. Cements F 
1. Portland Cements—Regular _ Construction 
Cements—Grouting properties vary some- 
what between manufacturers. 4 
2. High Early Strength Cements—‘‘ High-Alumi- 
na’ Cements—Grouting properties in- 
clude (1) Better penetration of small 
crevices because of finer grinding, and (2) 
Time saving because of early developed 


strength. 
3. Quick-setting Cements—Portland cements 
with an accelerator such as calcium 


chloride mixed in by the manufacturer. 

4. Gypsum Cements—Made from calcium sul- 
phate. Set and harden to full strength at 
approximately the same time, in about 2 hr. 

5. Special Cements—Manufactured for special 

uses, such as: 

(1) Retarded setting cements developed for 
oil well use at great depth or at high 
temperature. 

(2) Iron, oxide cements for high specific 
gravity and resistance to salt water. 

2. Admixtures to Cement 

1. To Accelerate Setting Time—Calcium chloride 
(most commonly used), sodium silicate, 
sodium hydroxide. 

2. To Retard Setting Time—Sodium tannate, 
gypsum, lime, sugar. 

3. To Bridge Crevices—Bentonite, sawdust, 
grains, cotton-seed hulls, asbestos fiber, 
cellulose fiber, mica flakes, sand. A number 
of these substances are manufactured and 
sold under various trade names. 

. For High Angle of Repose—Same as 3. 

. To Increase Plasticity of Grout—Finely ground 
bentonite. 

- To Reduce Grout Shrinkage—Finely ground 
bentonite. 

. To Lower Cost of Grout where Strength is Not 
Important—Rock flour (usually obtained 
as a byproduct from a limestone aggre- 
gate plant), clay, eke shale, any fine 
material such as flotation tailings. Raw 
cement and sand have also been used but 
present difficulties in handling with ordi- 

_ nary piston displacement pumps. 

3. Plastics 

1. Bakelite type plastics (phenol-formaldehyde 
compounds), injected in a molten state 
and harden on cooling. 

2. Asphalt. 

3. New synthetic resins or resin cements that 
harden from chemical action. 

Plastics have important grouting properties, 
such as resistance to contamination and 
ability to penetrate materials with low 
permeability. 

4. Chemicals 

Sodium. silicate mixed with calcium chloride, 
aluminum‘sulphate, or any heavy metal salt, 
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plus, usually, the addition of an acid to con- 


trol the time of setting. Useful for grouting 
materials with low permeability (as low as 
0.0001 cm per sec.) 


In some mines grouting has proved to be 
an effective tool in improving mine opera- 
tion, particularly in lowering pumping 
costs, eliminating ice accumulation in air 
intakes, and improving safety conditions. 
In other mines it would not be’ worth 
considering. In order to aid mining engi- 


neers in understanding the latest develop- _ 
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ments and possibilities of grouting, this 
program was designed to accumulate 


_ information for study. We are greatly in- 


debted to representatives of the construc- 


4I 


tion industry, the oil industry, mine 
operators and grouting contractors for the 
information they are about to present to 
you. 


Use and Technique of Pressure Grouting in the Construction Industry 


ByVal: 


THIS paper presents some of the prob- 
lems encountered and solved by the con- 
struction industry during recent years 
while pressure grouting the foundation rock 
of dams. Pressure grouting has become 
“Standard Operational Procedure” and 
consequently many hundreds of thousands 
of bags of cement have been used for that 
purpose. There is nothing weird, mystical, 
or even particularly difficult about the basic 
idea. Holes are drilled in the rock and 
grout is pumped into them. This pro- 
cedure is used to shut off the flow of water 
under the dam and to reduce the uplift on 
the dam. Like most other engineering and 
construction problems, the fundamental 
principle is simplicity itself, but some of the 
“minor details” are rather complex. When 


- faced with the problem of actually forcing 
_ the grout into the rock, or keeping it there 
once it has been injected, an engineer fre- 


quently has need for all of the ingenuity 
and initiative that he has at his disposal. 


_ It is proposed to discuss these minor details 


£ 


‘at length, even at the risk of boring the 


~ reader. The difference between success and 


"I 


failure in a grouting program can well hinge 
upon some such detail that may not be 


fully understood. 


Pressure grouting is a method used to 


make good foundations from bad ones by 


Ay 
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plugging actual or potential passages 


- within the rock through which water might 
escape and thereby diminish or even de- 
 stroy the usefulness of the dam. In some 
special cases, pressure grouting has been 
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used for the purpose of consolidating 


* Engineer, Office of the Chief of Engineers, 
Department of the Army, VASAT Saal 
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broken rock to increase its bearing power. 
Lacking this useful method, many of the. 
dams constructed during recent years 
could not have been built. Most of the 
really excellent dam sites in this country 
have been utilized long ago. Consequently 
it becomes necessary to find methods of 
utilizing the less desirable sites. Pressure 
grouting plays a vital role in the methods 
developed. : 
Engineers have learned the hard way, 
that the term “solid rock” is a misnomer. 
Solid rock does not exist to any considerable 
extent in nature. Practically all rock con- 
tains imperfections such as_ shrinkage 
cracks, bedding planes, joints, solution 
channels, folds, shear zones, crush zones, 
and the like. All these imperfections are 
weaknesses through which ground water is - 
likely to flow. The function of rock grouting 
is to rectify these imperfections and make 
the rock as nearly “solid” as practicable. 
The location, direction, depth and num- 
ber of grout holes to be drilled are impor- 
tant. Clearly, a hole must pierce fractures 
in order to serve a useful purpose, for grout 
cannot be forced into the rock itself. Were 
it possible to determine the pattern and 
extent of the cracks within the rock, it 
might be feasible to drill two or three 
strategically placed holes so as to make 
practicable the grouting of the whole inte- 
grated network of cracks from them. Such 
isnot the case. While a study of the geology, 
surface indications, and drill cores is 
helpful in gaining an idea of subsurface 
conditions, in the final analysis, the seams 
must be located by trial and error methods. 
There can be no doubt that the closer the 
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spacing of holes, the more probable it is 
that all major seams will be intersected. 
Moreover, a close spacing of holes is con- 
ducive to economy of grout in that a 
shorter path of grout travel is afforded. 

The ideal tool for drilling grout holes is 
the diamond drill. This tool produces a 
minimum of sludge and consequently a 
minimum tendency to choke the fine, hair- 

‘like cracks. However, this method of 
drilling is an expensive luxury when short 
holes are to be drilled under conditions 
where high grouting pressures can be used 
without danger of rock displacement. Per- 
cussion drilling is much cheaper and ob- 
structions can be broken through by the 
injection of water under high pressure prior 
to the introduction of grout. This will be 
-readily appreciated by anyone who has 
ever tried to calk a seam in rock from 
which water is leaking. 

The equipment generally used in mixing 
and placing grout has been described else- 
where* but will be presented briefly for 
convenience. The grouting materials are 
mixed in either a specially designed grout 
mixer or an ordinary concrete mixer. In 

‘ either case a suitable water meter should 
be used for measuring the mixing water 
since the measuring device with which most 
concrete mixers are equipped is not suffi- 
‘ciently flexible for use with grout. 

Injection is by means of pneumatic dis- 
placement apparatus, by pump, or by 
gravity. Pumps are superior for placing 
neat cement grout but they are not suitable 
for use with grout containing sand or other 
coarse materials. Injectors handle such 
materials satisfactorily. Sometimes gravity 
alone is used in grouting shafts. Below is the 
weight of a column of neat cement grout, 
one inch square and one foot in height. 
From this table, the pressure that can be 
developed for any effective head may be 
computed: 

*See Civil Engineering Nov. 1936, p. 751 


and Jnl. of the American Concrete Inst., April 
1947, Pp. 921. 
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TABLE 1—Showing Unit Weight of Various 


Mixes 
Unit Wt Unit Wt 
w/c® in Lb w/c* in Lb 
0.75 0.798 2.00 0.614 
1.00 0.736 2.45 0.598 
1.25 0.692 2.50 0.584 
I.50 0.660 2.75 0.572 
75 0.634 3.00 0.562 


* w/c measured by volume. 


Actual grout injection is a highly skilled 
trade in which experience is of vital im- 
portance. Over thirty years ago, Mr. 
Robert Ridgeway, M. Am. Soc. C.E., 
stated,* ‘‘Grouting is expensive, and to 
secure the best results at the least cost and 
in the quickest time, it is wise to employ 
only those experienced in such work. To 
start with an untrained force usually re- 
sults in discouragement and sometimes the 
abandonment of the work. After the men 
are well broken in, they seem to develop an 
instinct for doing the work in the right 
way, in the shortest time and accomplish 
what before seemed impossible.” The 
author concurs entirely with this state- 
ment. The success of any rock grouting 
program hinges upon forcing cement into 
the offending voids and keeping it there. 
In accomplishing this work, the impor- 
tance of experienced judgment cannot be 
overstressed. 

Experience indicates that the amount of 
cement which can be forced into a given 
hole depends upon: 1. The character of the 
formation penetrated. 2. The consistency 
of the grout. 3. The pressure applied. 4. 
The rate of injection. These factors are 
closely related as will be shown later. 

The character of the formation pene- 
trated by a drilled hole, largely but not 
entirely, fixes the amount of cement that 
can be forced into it. Clearly, more grout 
can be forced into a rock in which numerous 
cracks, fissures, caverns, and the like, are 
present, than can be forced into a similar 


* Trans, A.S.C.E. (1919-20) 106. 
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rock which is free from these defects; yet 
much can be done to increase the cement 
consumption of rock containing such de- 
_ fects to its benefit. Most of such defects, in 
their natural state, are partially, if not 
entirely filled with gouge or other material 
which must be removed before grout can 
be injected. Cement grout cannot be forced 
into mud for any appreciable distance. 
Moreover, any considerable mixing of the 
cement with the mud results in a struc- 
turally weak material lacking strength to 
resist the thrust or erosive power of the 
water in the seam. Incomplete removal of 
the mud before grouting often results in the 
water subsequently washing out the re- 
‘maining mud, thus opening up a new 
channel, thereby obliterating any benefit 
derived from the grouting. 

Drilling operations complicate an already 
complicated condition. This is due to a 
tendency for the cuttings to lodge in and 
obstruct the smaller fissures, regardless of 
whether percussion or rotary drilling is 
used. This fine, granular material acts as a 
filter which will allow water to pass, but will 
deny passage to cement or other suspended 
matter. This action builds a filter cake and 
reinforces the obstruction. However, the in- 
jection of water at high velocity, prelimi- 
nary to the introduction of grout tends to 
‘open small continuous channels through 
_ this material by carrying the cuttings and 

gouge from the finer to the larger passages 
lying at a greater distance from the hole. 
Some engineers question the use of water 
for this purpose, particularly where a rela- 
tively tight rock is being grouted. Their 
objection is based on the belief that water 
_ may lodge in pockets and seams and occupy 
space which would otherwise be filled with 
grout. On the other hand, this objection 
may be answered on the theory that, under 
high pressure, the water will be forced into 
the rock pores or to other openings lying 
at a distance from the hole. If there is no 
such escape for the water, there is no need 
- for grout in that particular crevice. Further- 


more, there can be little doubt that when 
grout, under pressure, comes into contact 
with dry rock, this rock absorbs a consider- 
able amount of the mixing water. This 
results in the grout becoming thickened, 
losing its fluidity and plugging the seam 
prematurely. For these reasons, the ini- 
tial operation in grouting should be the 
introduction of water into the hole at the 
highest pressure which local conditions will 
permit. This operation should continue as 
long as there.is any noticeable “pick-up,” 
or increase in the pump’s speed. Should the 
pumping operation cause an appreciable 
return of water from an adjacent hole, 
small “slugs” of compressed air should be 
introduced with the water in order to 
increase its turbulence and consequently its 
cutting power. This operation should con- 
tinue as long as the return water is muddy. 

The selection of a proper water-cement 
ratio is one of the most difficult and im- 
portant phases of rock grouting. Adapta- 
tion of the consistency of the mix to the 
constantly changing conditions within the 
rock constitutes much of the secret of suc- 
cess in grouting. Undoubtedly more holes 
have been lost by inexperienced men at- 
tempting to use a thicker grout than the 
formation would tolerate, than by any 
other cause. Conversely, the use of a mix 
containing more than the optimum water 
content results in work of needlessly low 


quality. There is no safe rule for the de- 


termination of the mix to be used other 
than that it should contain the lowest w/c 
ratio that can be injected successfully. The 
pump’s behavior, the rate of cement con- 
sumption and the reaction to various 
changes of mix are valuable aids in arriving 
at a correct solution. These signs are not 
infallible however and the solution depends 
largely upon the experienced judgment of 
the operator. The initial injection in each 
hole should be thin enough to enable the 
engineer to “‘feel out” the hole without the 
danger of losing it. This thin grout should 
be pumped only long enough to estimate 
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the hole’s resistance and to enable the engi- 
neer to proceed intelligently with the 
adjustment of the w/c ratio. Since this 
adjustment consists of progressively reduc- 
ing the water content to the minimum that 
the formation will tolerate, abnormally thin 
mixes do not give much information and 
tend to prolong the period of adjustment. 

The ideal pressure to be used in placing 
the grout is the maximum pressure which 
can be applied without causing rock dis- 
placement. There is no inherent virtue in 
high pressure per se; the advantage lies in 
the fact that it makes possible the injection 
of higher quality grout through fewer 
drilled holes than is generally the case 
when low pressures are used. The flow of 
grout through the cracks and fissures 
within the rock is comparable to the flow 
of liquids through pipes. Frictional re- 
sistance is very high in the fine, tortuous, 
hair-like cracks and must be overcome by 
the application of pressure. It would seem 
that the higher the pumping pressure used, 
the greater would be the spread of the grout 
from a given hole and consequently the 
fewer the holes that would be required to 
grout a given area. This, however, is of 
secondary importance to the quality of the 
work done. It already has been stated that 
the thickest grout practicable should be 
used since the quality of the hardened 
grout is improved by the use of a low, 
original water content. The unit weight of 


thick grout may be almost twice that of a 


thin grout and consequently a corre- 
spondingly greater force is required to move 
it. When a needlessly low pressure is 
specified, a needlessly high w/c ratio is 
implied. ; 

A close control of the rate of pumping is 
necessary. This is due to the tendency of the 
water to drop’ suspended cement particles 
unless a reasonably high velocity is main- 
tained in the pump, delivery line, and rock 
fissures. When this occurs, not only is 
trouble experienced with the equipment, 
but the quality of the work is impaired by 
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the loss of the coarser cement particles in 


the grout. These particles settle to the bot- 


tom of the horizontal reaches of the pipe- 
line until the cross section is reduced to a 
point where the velocity is sufficient to 
retain all particles in suspension. A similar 
action probably takes place within the rock. 
Under these conditions, should there be an 
increase in the rate of pumping, these coarse 
granules would probably be picked up, 
thicken the grout and possibly plug the 
hole. 

The foregoing discussion is largely aca- 
demic and is intended to explain some of 
the relationships noticeable during grout 
injection. The discussion reveals three 
inter-related variables: applied pressure, 
water-cement ratio, and pump speed. A 
change in any one of these variables will be 
reflected in one or both of the others. Thus, 
decreasing the water-cement ratio is ac- 
companied by an increase in the indicated 
pressure and a reduction in the pump speed. 
Similarly, a higher speed with constant 
w/c results in a higher gauge pressure. It 
is necessary therefore, to coordinate the 
three variables. This is accomplished in 
practice, by maintaining the pressure and 
speed nearly constant, by manipulating the 


w/c and, to a lesser degree, the throttle. An _ 


effort should be made to pump at the 
maximum allowable pressure at all times. 
In case it becomes necessary to race the 
pump in order to obtain this pressure, the 
grout should be thickened until a reason- 
able speed is reached. If the pump labors 
at the required pressure, the grout should 
be made thinner. 

Another ‘‘minor detail” which fre- 
quently causes major difficulties, is reten- 
tion of the grout within the rock into which 
it is being injected. When pressure grouting 
operations are properly conducted, the 
liquid grout, finds and escapes from any 
existing opening in the same manner that 
air escapes from an automobile tire. Patch- 
ing operations are much more difficult with 
grout leaks, and some form of surface 
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‘treatment is usually necessary to prevent 
the escape of grout when pressure is ap- 
plied. This treatment may range from 
simple calking operations, through so- 


' called “stage-grouting” to concrete lining. 


The ability to seal leaks quickly is of 
prime importance. Costs, due to excessive 
leakage, can be very heavy. Unless the 
grouting operator has sufficient information 
to enable him to effectively stop the flow, 
the grout slips away from him and he is 

_ powerless to prevent it. He finds himself 
confronted with a situation which requires 


_ the grout hole, costing perhaps several 


hundred dollars, to be abandoned or the 
pumping operation continued with much 
of the cement leaking to waste. Discon- 
tinuing pumping, even temporarily, is 


dangerous. This is particularly true during 


begins 


~ 
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hot weather and it frequently results in the 
loss of the hole. In any event, the quality 
of the grout job is damaged due to the 
segregation of the cement particles which 
immediately after the flow is 
stopped. Abandonment of the hole often 
results in a recurrence of the same leak 
when adjacent holes are grouted, so that 
_ the net result may be the abandonment of 
_ several holes due to a single leak and an 
admittedly unfavorable condition ignored. 
Since grout leaks can be expected at any 
time, it is almost mandatory to use ade- 
quate equipment, a trained crew and 
- experienced supervision. When it becomes 
evident that a given method will not stop 
the leak encountered, sufficient materials 
should be available to permit various 

_ methods of calking in rapid succession. 
The calking materials ordinarily used are 
oakum, lead wool, wooden wedges and 
flash-set cement. The cement is considered 


_ the most useful and versatile. 


The best flash-set cement known to the 
author consists of a blend of 1 part Lumnite 


cement to 214 parts of Portland cement. 


Properly combined and used, this blend has 


__ the faculty of taking its initial set in 5 min., 


_ its final set in 20 min and has a compressive 


say 
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strength of 700 psi in 30 min. It can be used 
in either its dry state or its liquid state. In 
either case, exact proportioning and an 
intimate blend is essential. If desired to 
use the dry blend for such purposes as 
applying patches to leaking surfaces, or for 
guniting wet areas, the proper amounts of 
the dry cements are mixed in a concrete 
mixer after which they are resacked for 
future use. If it is desired to use the blend 
as a grout for cutting off flowing water, 
grouting in pipe connections, or for stem- 
ming for blast holes, the flash-set grout 
should be made by combining Lumnite 
grout with Portland cement grout, stirring 
vigorously for not more than one minute 
and depositing the blend immediately. Not 
more than equal parts of water and cement 
by volume should be used and the Lumnite 
grout should be poured into the Portland 
grout. 

An excellent description of the use of this 
material is contained in an unpublished re- 
port, dated Oct. 1, 1936, by F. A. Back- 
man, on the subject of ‘‘ Field Methods for 
Pressure Grouting of San Jacinto Tunnel 
(Metropolitan Water District of Los 
Angeles)”’ which is given in part below: 

“The grouting of the battery station at 
Cabazon resulted in the cutting off of ap- 
proximately 650 gpm between this point 
and a little east of there as measured by 
the hydrographer. The battery station is a 
drift running into the left wall about 400 
ft east of the beginning of the Pioneer drift. 
The purpose is to maintain the locomotive 
repair, battery charging, and such, near 
the heading. Considerable water and bad 
ground requiring timber were found on 
advancing this drift. Its use as a repair 
shop necessitated grouting and guniting so 
the two operations were more or less com- 
bined. Consideration is here given to the 
methods used. Long holes were drilled to 
intercept the water courses as far from 
their opening into the drift as possible. As 
many holes were drilled as were necessary 
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to take the water away from its original 
outlet. Pipes were placed in these holes and 
calked in with lead wool. The open seams 
in the rock were then patched with a quick 
setting mixture of Lumnite and Portland 
cement. This sealing of the open seams was 
not entirely successful because of the in- 
accessibility due to the timber and lagging, 
but was an aid in retaining the grout in the 
rock, Additional holes were drilled into the 
seams near their original outlet, and: into 
these holes a thick mixture of sawdust, 
aqua-gel and cement was pumped until it 
began to flow out of the pipes then dis- 
charging the water. This effectively sealed 
all but the finest crevices and permitted 
pumping at high pressure when the final 
grouting was done. Before attempting to 
grout the pipes containing the heavy flows 
of water it was deemed advisable to gunite 
the more shattered areas to give additional 
strength to the ground before applying the 
grouting pressure necessary to secure a 
satisfactory job. A certain amount of 
preparation was necessary before gunite 
could be placed as there were numerous 
small leaks that had to be piped before 
gunite would adhere to the rock. Short 
holes were drilled and 34-in. nipples in- 
serted to relieve the pressure while guniting. 
One part Lumnite and three parts Portland 
cement were mixed with dry sand (ratio 1 
‘cement to 3 sand) and shot in the usual 
manner. The three to one Portland-Lum- 
nite mix hardens in less than 5 min and 
permits guniting in comparatively wet 
areas that with ordinary cement would be 
impossible. After guniting, the 34-in. pipes 
were grouted with cement grout placed by 
air through a 34-in. hose using approxi- 
mately 100 lb pressure. The larger flows 
were grouted with the use of Gardner- 
Denver pumps and were pumped to 
refusal at tooo Ib pressure. Most of the 
lagging was then removed from the timber 
sections and the entire area gunited to a 
thickness of from 1 to 5 in. 


Mixes for Use in Cement Gun Only 


Lum-| Port- |,; Temp High 
nite | land Lime | Sand Water °F Set Strength 
1g...| 1% |o 3 90 1 min} 2 hr 
pe ee 4 (0) 3 65 ro min} 5 hr 

I cf.. rr) 5 lb 3 90 I min] 20 min 
1. chy: to) 5 lb 3 65 Io min} 2 hr 


These are approximate mixes and will 
vary slightly with temperature conditions 
especially that of the aggregates.” 

Successful grouting consists of devising 
a technique which will satisfy requirements 
of the local geology, conditions, and the 
like. There is given below a bibliography 
listing articles in which are described 
various problems solved by the construc- 
tion industry with pressure grouting 
methods. The interested reader is referred 
to these articles for further data on the 
subject. 
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Technique of Pressure Cementing in the Petroleum, Mining, and Construction 
Industries 


By Wm. D. Owstry* Memper AIME anp R. E. MoEtLrer* 


PART I 


In the petroleum industry, the process 
known as oil well cementing is the equiva- 
_ lent of pressure grouting in the mining and 
construction industries. The science of oil 
well cementing has been known and prac- 
ticed for many years. At the present time it 
has been brought to a high degree of per- 
fection in the handling of many different 
types of jobs, all ‘of which are known as 
oil well cementing. In order to understand 
more easily these processes, we will discuss 
briefly several different types of oil well 
cementing jobs, the purposes for which 
they are performed, and the methods of 
_ their accomplishment. It is believed that 
some of these procedures, in a modified 
form, can be applied to pressure grouting 
projects in general. 
_ Originally, oil well cementing consisted 
_ of placing a neat cement slurry about a steel 
_ casing set in a bore hole. Cement is used 
é Ebout these casings to protect them from 
the corrosive effects of ground waters, to 
_ protect the oil and gas zones from encroach- 
~ ment of undesired water from other levels, 
_ to prevent the blowing out of high pressure 
_ oil and gas zones from shallow levels, and to 
_ strengthen generally and support the casing 
_ being placed in the bore hole. 
_. After the bore hole is completed to the 
Picsired depth, casing is run into the well, 


f = Technical Adviser and Grouting Engineer, 
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pumps are attached to this casing and cir- 
culation of the mud fluid in the hole is 
established; this circulation being from 
the inside of the casing into the annulus 
about the casing, and thence back to the 
surface. Next, a cement slurry is mixed and 
pumped into the inside of the casing string. 
A plug, which acts as a piston within the 
casing, is placed above the cement slurry. 
This is to separate the top of the cement 
slurry from mud or water which is used to 
shove the cement down through the casing 
and out into the annulus. This plug further 
serves the purpose of shutting off against 
a baffle in the bottom end of the casing 
string, thus stopping the flow of cement out 
of the casing and leaving the shoe, or lower 
end of the casing, surrounded by cement 
and also filling the annulus there above. 
Casing strings cemented in the above de-’ 
scribed manner may vary in length from a 
few feet of large diameter pipe to very 
long lengths of smaller pipe. As of the 
present date the longest string of casing 
which has yet been cemented is some 
16,600 ft deep. As a general rule, the deeper 
the well and the more cement slurry used, 
the higher the pressures which are required 
to place the slurry. In parts of West Texas, 
it is not uncommon to use 4000 sacks to 
cement a single string of casing in place. 
Machinery used to mix the cement and 
place it into the casing is mounted on 
heavy duty, powerfully equipped trucks 
which are capable of negotiating any type 
of highway or country roads. These trucks 
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are equipped with two or more pumps 
which may be either power driven from 
the truck engine itself and auxiliary en- 
gines, or, where steam is available, the 
pumps may be of the steam type and use 
steam from the rig boilers. There are many 
types of these cementing units, ranging 
from very small sizes for use in areas where 
small amounts of cement and low pressures 
are encountered, to very large units 
equipped with twin diesel engines, and 
capable of producing pressures of more 
than 10,000 psi. 

The slurry is usually mixed by a hy- 
draulic jet mixer which is composed of a 
conical funnel ending in a bowl shaped like 
a pipe elbow. In the back side of this bow] is 
located a small jet through which water is 
pumped at fairly high pressure. This jet 
action produces a vacuum in the funnel 
drawing the cement down into the stream 
of water and mixing it very thoroughly 
and rapidly by agitation in a short dis- 
charge pipe from the elbow. This cement 
slurry is then collected in a small vat where 
it is picked up by the suction of the pump 
which places it into the well. 

Primary cementing jobs, as described 
above, have grown into many different 
forms, some of which may be applicable to 
grouting in a manner that the primary job 

is not. The principle type among these is 
' known as “squeeze cementing.” By this 
procedure, cement slurry is pumped down 
into a well through a small string of tubing 
or drill pipe and forced out into various 
zones in the well which are carrying unde- 
sirable water or gas. It has been established 
that cement, under high pressures, will 
penetrate into sand zones, probably by 
producing crevices therein, along the bed- 
ding planes, and in so doing will shut off 
undesirable water or gas. Many jobs of 
this type are done every day and are 
attended by a high degree of success in 
cutting off these undesired fluids. 

In squeeze cementing there must be some 
pressure applied to the well bore to cause 


flow outwardly into the formation to be 
cemented. Filtration of the slurry by the 
permeable formation with which it is in 
contact causes the water in the slurry to 
pass out into the permeable medium leav- 
ing in place in the hole and in crevices, a 
very dense mass of cement in the form of a 
filter cake against the face of the permeable 
zone. It has further been found that if 
sufficient pressure is applied, the dehy- 
drated slurry will obtain very quickly a 
high degree of strength, and will remain in 
place and’ not move on the release of the 
pressure applied to the zone. 

These differential pressures in wells fre- 
quently run very high, as much as gooo psi. 
pump pressure has been applied; however, 
in shallow holes, and in highly porous and 
permeable zones, quite low pressures may 
be sufficient to allow for injection of large 
amounts of slurry. In any case some dehy- 
dration of the slurry toward.the conclusion 
of the injection process is desirable and to 
accomplish this, a pressure higher than 
that required at the beginning of injection 
should be obtained. 

The equipment necessary for oil well 
cementing is relatively simple to those who 
are experienced with it. It has been brought 
to a high degree of perfection and can be 
built along varied lines to fit any operation 
which might be necessary. It is entirely 
possible to produce equipment such as that 
mounted on the heavy trucks used in the 
oil field in smaller, more compact forms 
which could be lowered into a mine shaft, 
or to be used in tunnels. These pumping 
units could be equipped with various types 
of power, for example, electric motors in- 
stead of the diesel engines commonly used 
in the oil industry. 

The hydraulic jet mixer is the least com- 
plex, speediest mixer available for the 
handling of large volumes of cement as are 
required in oil well cementing. This mixer 
is capable in one of its forms of mixing 
approximately 50 sacks of cement per min, 
and in smaller forms can be modified to 
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mix a maximum of 15 to 20 sacks per min. 
This mixer can further be modified to 
produce cement slurries with varying 
water-cement ratios, particularly those of 
very high water-cement ratio, as are needed 
in most grouting procedures. 

Numerous materials are used in oil well 
cementing, by far the most common of 
which is ordinary Portland cement mixed 
only with water to form neat cement 
slurries of varying water-cement ratios. For 
many years no other form of cement was 
available but as specific problems arose 
other cements and materials were devel- 
oped to meet the required conditions. 

High early-strength cements were intro- 
duced to save time in waiting for the 
cement to set up in a satisfactory strength. 
These cements are ground more finely than 
regular Portland cement and in some cases 
also have chemical differences. Ideally, they 
are characterized by pumpability periods 
about equal to those for Portland in the 
lower temperature ranges but acquire their 
final setting periods much more quickly 
than Portland and attain a strength in 24 
hr about equivalent to Portland over. a 


_ 48-72 hr period. These cements are essen- 


tially time savers which is a matter of con- 
siderable economic consequence. 

. As well depths become greater the time 
for cement placement and the temperature 
to which the cement is exposed increase 
rapidly. This caused introduction of the 
retarded or slow setting cements. A cement 
of this type is nearly always ground some- 


: what coarser than Portland and has mixed 


into it small percentages of various groups 
of chemicals which assist in slowing down 


the initial setting time. While the initial 
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setting time is retarded and the pumpa- 
bility period greatly increased at any given 
temperature, the final setting time for such 


cements is not materially changed from 


that of regular Portland and further the 
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_72-hr strength of both types is about the 


same. Use of retarded-set cements is 
indicated in most instances where the 
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temperature to which they are exposed 
exceeds 180°F. : 

Where highly mineralized ground waters 
are encountered, which are high in sul- 
phates, most cements offer only limited 
protection as sulphates affect them rapidly. 
To combat these waters, special sulphate 
resistant cements have been developed and 
in some areas are widely used. 

In most cases, regardless of the type of 
cement used, the mixed slurry is only 
cement and water, yet frequently various 
admixes are used in the slurry for several 
reasons. Very finely ground bentonite in 
small percentage is added to increase slurry 
viscosity, to prevent settling and to allow 
the production of light weight slurry with 
high water-cement ratio. Chopped cello- 
phane flakes and certain other materials 
may be added to a slurry to cause bridging 
over of crevices and large porous areas 
which would otherwise rob the slurry 
away from the bore hole or cause loss of 
returns during the cementing process. To 
produce an inexpensive, very rapid harden- 
ing cement, calcium chloride may be added 
to the slurry; however in the use of this 
material caution is required, especially if 
temperature is in excess of normal atmos- 
pheric conditions. In cases where radioac- 
tive surveys are to be made to determine 
the final position of the cements, small 
amounts of carnotite may be added to the 
slurry. 

Recently, there has been considerable 
emphasis on still further improved ce- 
ments for oil well cementing. Much work 
has been done on a material known as 
resin cement, which basically is ordinary 
cement mixed with a water soluble syn- 
thetic resin. This particular material has 
not yet been completely developed, but has 
already shown a high degree of promise for 
squeeze cement work. When this mixture 
contacts a permeable zone, the liquid 
phase is squeezed out into the sand body in 
such manner that the liquid plastic. will 
harden in place and seal off between sand 
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grains. It can be proved in the laboratory 
that it is often impossible to force neat 
cement slurry into the interstices of a sand- 
stone, because the cement particles are as 
large or nearly as large as the interstices 
themselves. However, if the pores of the 
sand are of sufficient size, it is frequently 
possible, with a high water-cement ratio 
to wash out into the sand enough cement 
to produce a sealing action. In the case. of 
resin-cement slurries, the liquid resin and 
water phase easily penetrates the sand 
body without producing an early filter cake 
of cement and will harden in place while the 
remaining solids resembling the regular 
cement will harden in place in the larger 
openings and against the faces of the per- 
meable zones. This material is of a critical 
nature with regard to temperature and 
must be balanced before use for the tem- 
perature of the zone in which it is to be 
placed. At the present time, these materials 
are quite expensive, costing approximately 
$20.00 per cu ft of slurry used. It is believed, 
however, that the cost of these special 
products can be reduced as supplies of 
the proper material become more readily 
available. 

In some instances a synthetic liquid resin 
may be used without being mixed with the 
cement or any other filler. This is particu- 
larly applicable in dense sandstone where it 
is difficult to seal off the undesired water or 
gas by the mere cementing of the surface 
of the zone. In this case, the true fluid is 
easily placed back into the interstices of the 
sand. A liquid resin without admixes may 
be pumped great distances into the sand 
zone, and will disseminate through the 
sand in all directions. Therefore, some- 
times control is necessary to prevent the 
material getting too far away from the bore 
hole or to prevent it seeking the more 
permeable zones rather than to go into all 
zones equally. A method has been worked 
out and an admix produced for liquid 
resins, so that they now may be placed 
across zones of varying permeability and 


yet insure an adequate flow into all sec- 
tions of the zone regardless of its permea- 
bility. It is possible that the use of both the 
straight resins and the resin cement com- 
bination may have considerable application 
to grouting problems. 

Another material which is frequently 
used in oil wells, is called Hydromite. This 
is a gypsum base material, similar to 
plaster of paris, to which has been added a 
dry powdered synthetic resin. Since Hy- 
dromite is capable of setting under con- 
tinued agitation, and also can be controlled 
to solidify at various setting rates, such 
material is advantageous in the cutting of 
a fast flow of water. 

Similar to Hydromite but not containing 
the resin admixture is Calseal, a highly 
refined gypsum cement. It is used in much 
the same manner as Hydromite but must 


be regarded as a temporary material since _ 


it is rather rapidly deteriorated by various 
ground waters. Calseal is widely used for 
the tamping of nitroglycerin and other ex- 
plosives in oil well shooting. 


PART 2 


As mentioned earlier in this paper, many 
oil well cementing techniques are adaptable 
to-pressure grouting. Likewise much of the 
equipment can be used for this work either 
as now built or with some modification. 
Regular materials used in oil well cement- 
ing are also the same as those used in 
pressure grouting and it is probable that 
new and specialized materials being de- 
veloped may find a place in the latter type 
of service. 

A large percentage of pressure grouting 
projects are remedial in nature. Some typi- 
cal examples of this type of work are: 

Dam Repair. 

Building foundation stabilization. 

Mud jacking concrete slabs and roads. 

Mine water control. 

Frequently a thorough study is not 
made of the foundation upon which a dam 
is to be built. This is particularly true of 
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smaller municipal and privately owned 
projects. As a result, serious leakage may 
occur either under the dam, around the 
_ ends of the dam, or through the structure 
_ itself. Pressure grouting hasbeen very 
successful in correcting these conditions. 

If the fissures are small, a high water- 

cement ratio, neat cement slurry is in- 
jected. As mentioned in Part 1 of this paper, 
only a slurry of this type will penetrate 
such cracks and crevices probably because 
of a wide dispersion of the cement particles 
themselves in the slurry. Such dispersion 
reduces the bridging effect of the grains 
at the crevice opening, allowing them to 
enter in sufficient quantity to finally form 
a dehydrated mass that will withstand the 
injection pressure and give the desired 
sealing effect. 

As the size of the opening increases, the 
water-cement ratio is decreased and ad- 
mixes are added. Bentonite may be added 
_ to increase the viscosity of the slurry. 
Should a rapid set be desired, calcium 
chloride may be added. 

If the cavities are latge enough to require 
bridging before the slurry will remain in 
place, such fibrous material as cottonseed 
hulls or shredded cellophane may be added. 
In extreme cases, it may be necessary to 
gravel pack the cavities. 

The use of various admixes must be 
' tempered with good judgment. No specific 

tule can be set up as to type or quantity 
_ that is required since local conditions are 
the governing factors. However, it is 
important that such admixes do not re- 
tain the slurry to the area immediately 
adjacent to the injection hole only. This 
point is the major difference between oil 
~ well squeezing and most pressure grouting 
_ projects. In the former case, slurries are 
; usually injected to protect the well, while 
_ in the latter case, the hole acts only as a 
F _ point of entry to the formation. 

aa special gravel packing technique was 
_ developed on a dam repair job at Council 
_ Grove, Kansas, in June 1947. On this job, 


eer 


water was flowing under the dam through a 
limestone formation in which was found 
numerous mud seams and large cavities. 
There was a head of 50 ft on this formation 
with a very high water velocity. Heavy 
slurry with fibrous admixes was only 
partially successful and an excessive grout 
loss was experienced. One key hole was 
chosen with a 3-ft cavity. Very coarse sand 
and fine gravel were washed into the hole 
through the grout pipe, first with water and 
later with cement slurry. A total of 89 
yd of this material was lubricated into the 
hole, water flow was substantially reduced 
and eventual refusal at 60 psi pump pres- 
sure was obtained. 

Under certain conditions, building foun- 
dations may be stabilized by the injection 
of cement slurry. This process is especially 
adaptable to structures built on unconsoli- 
dated sands and gravels fully saturated 
with ground water. The technique may 
require the setting of grout pipes through 
the entire unconsolidated section, gun 
perforated at the proper levels and the 
slurry squeezed out into the sand, or it may 
involve the driving of the pipes only par- 
tially through the section, open ended, and 
forcing the grout out the open end upward 
and around the pipe allowing it to seek the 
more permeable zones. A combination of 
the two methods may also be used. In 
either case, the problem is to force cement 
outward from the point of injection 
through the more highly permeable zones 
in horizontal layers segregating the finer 
and less permeable sections, thus reducing 
either vibration or settlement. 

If vibration set up within the structure 
extends downward into the sand, there 
always appears to be a reclassification of 
the material into fine and coarse layers. 
This reclassification becomes progressively 
less, the deeper the sands are penetrated 
and usually becomes negligible at a depth 
of 3 to 4 ft. Thus, the forming of horizontal 
layers of set cement, a short distance below 
the mat upon which moving machinery has 
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been mounted, will stop the vertical move- 
ment of the sand grains and tend to reduce 
both vibration and settlement. 

The greater the mass of cement injected, 
the greater is the assurance of success of the 
project. Therefore, some experimenting 
must be done with water-cement ratios to 
determine the proper proportions. Except 
in cases of very coarse sand and gravel, 
water-cement ratios of 20 gal per sack or 
more are normal. One case on record, 
namely The Kansas-Nebraska Gas Co. 
station at Deerfield, Kansas, required 
slurries with a minimum ratio of 30 gal per 
sack and at times it was necessary to 
increase this ratio to as high as 75-80 gal 
per sack. Lower ratios would immediately 
seal the exposed face of the sand preventing 
the injection of any slurry. 

Since the slurry injected into unconsoli- 
dated material normally assumes a lenticu- 
lar form in the more permeable zones, this 
type of work does not lend itself to the 
building of a grout curtain around a pre- 
determined area unless the material is 
quite coarse and uniform throughout the 
section. It is probable, however, that a 
curtain could be accomplished by the in- 
jection of a material other than cement 
slurry. The use of synthetic resins has been 
considered but as mentioned earlier in this 
_paper, the cost of the material usually is 
prohibitive. 

The technique of gun-perforating grout 
pipes was especially developed for a founda- 
tion job performed for the Cities Service 
Gas Co. in 1941 at their Wichita, Kansas, 
pump station. In using this technique, a 
small gun, similar to the one used in deep 
wells, is lowered into the grout hole and 
fired at predetermined levels, perforating 
the pipe with either 3¢- or 14-in. steel 
bullets. Since that time, it has been suc- 
cessfully used on numerous projects. The 
number of perforations and their spacing 
depend upon local conditions. 
~ Floors or slabs, poured directly on the 
ground, frequently sink below grade due to 


settlement of the underlying material. This 
condition may be corrected by forcing a 
slurry between the slab and the surface 
upon which it lies. This type of work re- 


quires very low injection pressures and 


care must be exercised so that the slab is 
not lifted above the desired grade line. 
Whenever possible it has been found ad- 
vantageous to carry out the lifting opera- 
tions in stages, thus reducing the stress on 
the slab. It is also important that the voids 
created be entirely filled with the injected 
slurry. 

In the field of mining engineering, the 
problems of shaft sinking are comparable 
to those encountered by the petroleum 
engineer in the drilling of deep wells. One 
of the major problems in both instances is 
water control. This problem may be en- 
countered either while the work is in 
progress or after completion. 

Water intrusions after completion have 
been reduced or completely stopped by 
injecting cement grout through holes in the 
shaft walls or through grout holes drilled 
around the outside of the shaft. The first 
method is usually more effective if the 
walls have sufficient strength to withstand 
the necessary injection pressure. However, 
the physical difficulties encountered in 
making the set up often make it undesirable. 

In some areas it is known from previous 
experiences that serious water difficulties 
will be encountered while sinking a shaft. 
Pre-grouting the shaft area will usually 
control this water sufficiently to allow the 
work to progress without expensive delays. 
Normally, grout pipes are set above the 
first water zone and a stage grouting pro- 
gram is carried out until each zone has been 
properly sealed. It also seems probable that 
the grout pipes could be set through all the 
waterbearing zones and selectively gun- 
perforated for squeezing. However, to our 
knowledge, this procedure has never been 
used. é 

The above methods of pre-grouting mine 
shafts are effective in hard rock areas only. 
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Attempts to pre-grout quicksand before 
shaft sinking have proved unsuccessful. It 
is believed that the use of straight resins 
or resin-cements might solve the problem 
in such areas if the additional costs of 
material could be justified. 

Pressure grouting has also been called 
upon to do various miscellaneous remedial 
jobs ranging all the way from plugging old 
conduits to filling rat holes under grain 
elevators. 

It appears that perhaps the greatest ad- 
vantage the mining and construction indus- 


tries can obtain from the oil industry in 
their grouting problems, is in the use of 
the special materials described, together 
with the multiplicity of tools in the way 
of packers, gun perforators, hole calipers, 
cement mixers and pumps which have been 
developed for use in oil well cementing and 
other phases of the petroleum industry. It 
seems likely that these devices can be ap- 
plied to certain phases of grouting, espe- 
cially so in both pre-grouting and remedial 
work on mine shafts and dams. 


An Example of Controlled Pre-grouting in Shaft Sinking 
By R. H. AtLen* anp J. W. Gatpin,t Mrempers AIME 


CONTROLLED pre-grouting is a technique 
developed during a period of more than 
ten years experience, in an effort to produce 
safer, drier and more economical mine 
shaft sinking. The technique involves a 
knowledge of hydro-mechanics, both static 
and dynamic, and a series of specially 
formulated grout mixtures to obtain several 


- desired results through precontrolled set- 


ting time. 
In general, the following procedures have 


been used to secure the best results in 
controlled pre-grouting: 


1. Before drilling is commenced, one of 
two decisions is made: one procedure, a 
modified form of the Francois method, is to 


- stage drill and grout, that is, drill a limited 
portion of the hole, then grout and redrill 


that section which has been grouted, 
progressing in stages until the required 
depth is reached. We prefer this method 
because no casing or grouting packers are 
required in the bore hole. This eliminates 


~ the risk of losing them in the bore hole due 


to packer failure, which might result in the 
expense of drilling a new grout hole. An- 


other feature of this approach is that 


smaller drill holes may be effectively used, 


* General Manager, Well Service, Inc., 


Charleston, West Virginia. , 
+ Production Engineer, V. C. Smith Man- 


agement Co., Charleston, West Virginia. 


further reducing the costs. One drawback, 
however, is that because of the open and 
small size hole, it is impractical to attempt 
water draw-down tests. 

The second alternative is to drill the 
bore hole, (generally NX size), to the re- 
quired depth. The casing and grouting 
packer are placed in the bore hole at the 
lowest packer setting. A small, portable, 
power driven,.swabbing device is used in 
the grouting casing to test the packer and 
remove mud or cuttings from the bore 
hole below the packer. The hydrostatic 
level is recorded and a close estimate or test 
is made of the quantity of water at each 
packer setting. Grouting progresses upward 
in a series of packer settings to the surface. 
Occasionally, casing is inserted in the bot- 
tom of the bore hole from within the mine, 
and water pressure and volume can be ob- 
tained in this manner. This is usually 
dangerous because of the unknown quan- 
tity of water. 

2. The grouting, mining and geological 
engineers at the drill location make a de- 
tailed examination of the cores and also 
locate proper and firm grouting packer 
locations. A competent driller’s opinion 
should be given due consideration as to the 
character and condition of the bore hole. 

3. Several samples of formation water 
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are taken from the bore hole at various 
depths. A pH test is made of each sample, 
and if necessary, a chemical analysis. 
Should any of these indicate sufficient 
chemicals to damage cement or its setting 
time, then preparation is made for storage 
and transportation of neutral water, or in 
some instances, special cements are ordered. 

4. While the above hydraulic or draw- 
down tests are being made, the grouting 
engineer gathers several dry samples of the 
various cements and other grouting mate- 
tials on hand which he expects to use 
within twenty-four hours. The samples are 
prepared with the mixing water to be used 
to obtain several different controlled 
setting times. Emphasis should be placed 
upon reproducing the approximate forma- 
tion temperature and hydraulic pressure 
range of the sections to be control grouted. 
It is generally true that cold water retards 
and warm water accelerates the setting 
time of Portland, gypsum and aluminous 
cementing materials. Particularly is this 
important in controlled grouting. During 
the processing of these tests, others are 
made as follows: weight per gallon of grout 
mix (water-cement ratio), color, as some 
samples are made with various tracer dyes, 
viscosity, and the specific gravity. The 
tests are carefully recorded, and each is 
important in the technique of controlled 
grouting. 

5. The last step before proceeding to 
grout is to pump water into the grouting 
packer point below the packer to record the 
hydraulic pump pressure at various injec- 
tion rates in gallons per minute. A high pres- 
sure water meter is used in this instance. 

6. I have selected, for this paper, an 
example where the use of conventional 
grouting methods indicated failure and was 
followed by the successful application of 
controlled grouting. 

Location: West Virginia. 

Proposed shaft: 18 X 18 X 500 ft verti- 
cal. 
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Proposed drilling pattern: NX size—o 
holes—1 in the center and 8 in two con- 
centric circles around the shaft site. No. 1 
SE bore hole was grouted first on the pro- 
posed shaft line. The general character of 
the formations are gravel, sandstone, 
broken fissured shales and slates, inter- 
bedded with sand streaks. The formations 
usually contain subsutface water flows with 
interformational movement of fluids. 

The depth of No. 1 SE bore hole is 517 ft 
drilled without any interruption for grout- 
ing. The casing and packer were run and 
expanded to the walls at 435 ft. Water 
was pumped into the formation to deter- 
mine the operating pressure and found to 
take water at 22 gpm with 345 psi. This 
was followed by 155 bags of cement of un- 
known weights and viscosities, and with 
the use of no additives to increase the vis- 
cosity nor accelerators to hasten or control 
the set. The same procedure was used in the 
entire grout hole at five different packer 
settings. 1472 sacks of cement were pumped 


into the No. 1 SE bore hole with a maxi- | 


mum static pump pressure of 385 psi. 
The drill machine was moved 27 ft to 
No. 2 NW bore hole and drilled to 485 ft. 


No cement grout was found in any of the. 
cores recovered from the grout hole. The - 


bore hole was grouted in the same manner, 
and with the same corresponding packer 
settings as No. 1 SE. The pump pressure 


variations, at the same grout injection © 


rates, were unimportant. 1187 sacks of 
cement were used in this grout hole. The 
total number of sacks of cement in the two 
bore holes was 2659. It was then decided 
to redrill No. 2 NW and test for results. 
The test was made from within the mine, 
and indicated the bore hole to be making 
more than 250 gpm of water. The bottom 
of the bore hole was then plugged off and 
grout control started with the same five 
packer points. Five specially formulated 


batches of controlled flash setting, expansi- ° 


ble grout were prepared with various 
tracer dyes—each batch being of 50 sacks, 
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a total of 250. In conjunction with this, 
during the five grouting stages, 600 bags of 
cement grout with controlled viscosities 
and weights were also used. To fit indi- 
vidual grouting conditions, various angles 
of repose from 12 to 42° were necessary. 
The normal angle of repose of mixed neat 
Portland cement is 5° with no additives. 
Bentonitic colloidal clays were used to in- 
crease the viscosity with a resultant higher 
angle of repose. Bore hole No. 2 NW was 
regrouted completely with controlled grout- 
ing from bottom to the surface in 14 hr 
with 850 sacks of controlled grout. The bore 
hole was redrilled again and tested with 925 
psi static pump pressure, and the dry test 
indicated 3 gpm of water in the bore hole, 
resulting in a decrease of 247 gpm. In this 
instance, interesting comparisons can be 
made of the two methods and the advan- 
tages of controlled pre-grouting over con- 
ventional methods. 

No. 1 SE bore hole was again redrilled 
and seven grout control colored tracers 
were identified from No. 2 NW. Only 67 
pet of No. 1 SE bore hole contained grout 
which had been previously placed in the 
conventional manner, and a large portion of 
it indicated pump erosion. No. 1 SE bore 
hole was tested and found to be making 


_97 gpm of water, and this quantity would 


no doubt have been larger if colored con- 
trolled grout tracers had not penetrated 


the grout hole from No. 2 NW. The bore 
- hole was regrouted with controlled grout- 
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ing, and comparable packer settings were 
again used. The operation proceeded in 
five stages. In each, 50 sacks of special, 
tailor-made, flash-setting, pre-controlled 
grout were used, followed by 100 sacks of 
controlled grout, in which the gravity and 
viscosity were held within narrow limits to 
suit individual stage grouting conditions. 
The control of this operation requires not 
only a thorough knowledge of the materials 
used and their behavior, but also, and we 
cannot stress this too strongly, experience 
in placing and setting. A total of 750 sacks 
were placed in the grouted area adjacent to 
this bore hole. The hole was redrilled 
following controlled grouting, and tested 
with the grouting pump at tooo static psi. 
The dry test indicated 9 gpm, an 88 gpm 
reduction. 

The drilling and pre-grouting were 
finished and all results were weighed. The 
company drilled only 6 grout holes, com- 
pared to an established program. of 9—a 
saving of 3 bore holes or $4000.00 to 
$5000.00. Based upon their previous ex- 
perience, 10,000 sacks of cement were 
appropriated for the job while only 6431 
were used in controlled grouting; an over- 
all saving in materials and drill time of 
$8000.00 to $10,000.00. The shaft is now 
completed and is making 8 gpm of water 
with one short water ring, the result of 
heavy blasting. With this exception in the 
sinking of the shaft, all walls stood firm as 
reported by the shaft sinking contractor. 


Solidifying Mines and Shafts Areas by Pressure Grouting 


By B. H. Mort, 


UNDERGROUND water has been one of 


the greatest problems in sinking mine 
shafts, sealing existing shafts, and driving 


headings under streams. In the preparation 


of a proposed shaft or existing shafts for 


1 
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elimination of water leakage, advances 


* Mott Core Drilling Co., Huntington, 


‘West Virginia. 
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have been brought about through the use 
of a controlled grouting method. 

The modern method to divert water from 
proposed shaft sites is known to us as pre- 
grouting, and from existing shafts, as con- 
trolled pressure grouting. This method 
involves the solidification of the surface and 
rock by the injection of a liquid mixture of 
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cement and a certain percentage of rock 
dust and special clays pumped through a 
duplex plunger type slush pump that 
all cavities, fissures, and the entire rock 
structure in the area be made watertight. 

A three-fold advantage is readily found 
in employing such principles. 1. The elimi- 
nation of the greater part, or all of the 
water problem in sinking a new shaft. 2. 
Sealing-off of leaks in existing shafts with- 
out interruption of mine operation. 3. 
Solidifying of wet mine entries as may be 
found in driving wet headings under 
streams. 

In the sinking of a shaft, underground 
water is often a very costly part of its com- 
pletion. Also, it has been necessary to 
abandon shafts because of water and un- 
stable ground. Many methods have been 
devised to combat the difficulties in taking 
care of a large volume of water under 
pressure. This problem of sealing off water 
has not been completely solved, in spite 
of the numerous plans that have been tried. 
The freezing method has been found too 
expensive; as is also true with chemicals. 
The grouting method has proved the most 
satisfactory from an economy standpoint. 

The filling of cavities and fissures in 
broken rock formations is not new; how- 
ever, the old method of grout and grouting 
has ceased to mean merely a cement mix- 
ture pumped into the top of a drill hole 
_ and calling it grouted. 

It may prove interesting to. bring out 
some experiences in pressure grouting for 
proposed mine shafts and underground 
entries. One of the fundamentals is to pre- 
determine at what elevation in the drilled 
hole grout would be accepted, and at what 
pressures. In addition, it is necessary to 
know the volume of water that fissures and 
cavities would take on a water test. This is 
done by employing a hydraulic sectional 
water-testing device that will segregate and 
test each 5-ft section of the entire hole for 
water leakage. 


Such information is then carefully 
checked with the drilling log and core itself. 
The water losses, the inflow, openings, and 
soft ground, determine the procedure of 
grouting for that particular hole. If the test 
shows a large amount of water, rock dust 
or other filler will be used. As an example, 
there is used the seven-hole layout for a 
shaft (Fig 1). This number of holes usually 
has been found to be sufficient unless the 
shaft is adjacent to a stream, or difficulties 


are encountered during the grouting opera- 


tions. The operation then is as follows: A 
packer that can be expanded against the 
wall of the hole for high pressure and re- 
leased after grout is set, is then placed; 
beginning at the first grout stop in the bot- 
tom of the drill hole, each crevice or fissure 
is grouted off to the point of no acceptance, 
or, to the desired pressure which was 
determined by use of the hydraulic sec- 
tional water-testing device. 

Where an excessive amount of grout is 
accepted at low pressure, this is an indica- 
tion of a direct leak outside of the shaft 
area. Blocking or building a barrier to keep 
grout within the shaft area then becomes 
necessary, since the object is to extend a 
water-tight plug, or, build a- cofferdam 
around the outside of the shaft. Grouting 
operations are repeated by moving the 
packer the proper distance up the hole to 
the next packer stop or leak and continuing 
this until the entire hole is completely 
cemented. (Grout, should be bypassed at 
each packer location holding an even pres- 
sure so that all openings are closed and 
grout will be retained where placed in the 
hole.) 

The method above described is used for 
existing shafts into which water leaks dur- 
ing the summer and freezes in winter 
except that very low pressures must be 
maintained. It is not even safe to state the 
range of these pressures, due to the fact 
that some very weak shaft linings may be 


encountered. Detailed notes are kept’ of 
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time, the ratio of cement used, the operat- 
ing pressure, and possible back pressure 
from grout which has gone into openings 
higher in elevation. With these notes it can 
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conditions. In this layout of holes, a broken 
water-bearing slate roof over the coal 
exists, ranging in thickness from 8 to 15 ft 
(Fig 2). On this plan, holes in the draw 
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Pattern when 
shaft is away 
from water 


Pattern when 
shaft is close 
to water 
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be determined when to change the mixture 


a or to add certain quantities of swelling 
- compound or chemicals to make a seal or 
when to bypass the mixture to close a leak. 


% 


Fit 
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When a large volume of water is en- 
countered unexpectedly in driving a set of 


entries under a stream or broken section of 
_ ground, pumps and discharge facilities may 


not be available or of sufficient capacity, 


hence it may be good economy and less 


expensive, considering the cost of pumps, 


* 
~ 
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power and maintenance over a period of 


years, to consider grouting in taking care 
of water. 

_ There have been various methods devised 
in laying out drill hole locations for such 


slate on both sides of the entry were drilled 
on a 15° angle and inclined 1 5° to the verti- 
cal, and one drilled upward in the center in 
line with the heading on the same inclined 
degree. The holes are then cored 40 to 50 
ft ahead of the working face. 

Grouting and testing of these angle holes 
are done by the same method as employed 
in grouting a shaft site. 

Drill hole patterns or locations of holes 
should be thoroughly studied to dry up a 
wet entry, or, broken section when neces- 
sary to go under a stream, by drilling and 
grouting from the ground surface. The 
usual procedure is to drill directly in line 
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with the heading. One line of holes may be 
sufficient. We have drilled as many as three 
lines, all going below the coal seam. This 
pattern shows a plan developed to give 


rounding a shaft location or a working 
area. 

There are a large number of grouting jobs 
at coal and other mines which indicate a 


PLAN 


ELEVATION 
F1G 2—PROPOSED SHAFT DIAMOND DRILL HOLE PATTERN. 


some idea of a spread and overlapping for 
different elevations in the drilled hole. 
Sealing the sidewalls and the roof does not 
always make the heading watertight —it 
may be necessary to grout with short holes 
in the floor of the mine. While no attempt 
has been made here to go into detail of this 
subject, its importance should not be over- 
looked in mining operations. This is only a 
preliminary outline of handling a grout 
mixture to build a watertight barrier sur- 


strong trend toward this permanent 
method of sealing water from mine open- 
ings and underground passages. 

Mining engineers are more interested; 
shaft contractors are more interested; con- 
tractors interviewed are able to reduce 
their contract price when they can be 
protected by a water clause of only a few 
gpm and they can reduce their cost. We 
have grouted one shaft where it was per- 
fectly dry. 


Grouting in Southeast Missouri District 
By W. W. WeIceEL,* Associate MremBer AIME 


In “Mine Drainage, Southeast Missouri 
Lead District,” Trans. AIME, (1943) 153, 


*St. Joseph Lead Company, Bonne Terre, 
Missouri. 


74-81, the general water conditions in the 
lead mines of Southeast Missouri were de- 
scribed. Some comments developed from 
the experience of time and some further 
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explanation and additions may now be 
made to that article. 

The original article described how the 
mines, largely near the base of the 4oo0-ft 
thick Bonne Terre dolomite underlain by a 
thick porous sandstone, get only a minor 
part of the inflow water through the sand- 
stone by artesian circulation. The main 
intake points for the water handled at these 


mines are apparently where fracture and 


channel zones, which in some cases extend 
from the top to the bottom of the forma- 
tion, cut under surface drainage lines. 
These allow large amounts of water to 
enter the mines either directly when the 
channel zones are cut by mine workings or 
else by keeping a slight head on the sand 
they force water up into the workings. In 
1941, the average inflow of the district was 
20,000 gpm, which with a 21,200 tons 
daily production on a six day week, gave a 
water-ore ratio of 6.5. Opening up of a large 
amount of virgin territory towards the 
outer edge of the district has increased this 
to a pumping load of approximately 25,000 
gpm. Production is about the same, but on 
a five day week basis, so the water-ore 
ratio is now about 9.5 tons of water for each 


ton of ore. 


Major pumping equipment has changed 
very little since 1941. Due to the necessity 
of developing low elevation ore, formerly 
ignored, the war years saw a considerable 


increase in the number of relay pumps. 


No more areas have been isolated and 


- bulkheaded from the mine as previously 


described. All previous work has held up 
well and has been entirely satisfactory. 
However, the peculiar circumstances of an 


isolated large wet area of mine workings 
~ with connections only through drifts do not 
_ often arise. The area mentioned as being 
shut off by three bulkheads has now been 
reopened. The plug type bulkheads are 


p merely shot out and the drift is then clear. 


The lack of heavy reinforcement in the 
concrete can thus be a distinct advantage 


Te ae ts 


if it is desired to. remove the bulkhead. 
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The “Mine Drainage” article described 
the mass grouting of large areas from the 
surface using fine flotation tailings spoken 
of as “slime.” This has been done princi- 
pally along the channel fracture zones and 
other main sources of water to the mine and 
has been highly effective. About 450,000 
tons have been pumped, directly covering 
a total area’ of about 300 acres but affecting 
much more. During the latter part of the 
war, because of the stringent pipe situation 
and the shortage of labor, the program was 
shut down and has not been restarted. 
Several new water bearing areas which it 
would have been advisable to mass grout 
by ‘‘sliming”’ have opened but these have 
been too far from the mills: (three to five 
miles). A new shaft recently sunk even 
farther (eight miles) from an active mill 
would have been an ideal case. Numerous 
large channels are in the area and merely 
sinking of the shaft caused several large 
sinkholes to form in the area. Several mud 
runs also occurred during the shaft sinking 
period and caused much trouble. No mining 
has been done from this shaft as yet. 

During the war years, owing to pressure 
for production, open stope mining several 
hundred feet wide was carried across an 
intensely shattered area which had been 
one of the first to be mass grouted. Before 
sliming, even a drift through this had had 
to be abandoned after excessive water 
flows. The sliming with some follow-up 
underground cement grouting had so filled 
the openings in the area that water produc- 
tion is normally only about 500 gpm from 


_ this section. 


This ‘‘follow-up” grouting work has been 
important. The sliming does not fill all the 
spaces and if water flows through these, 
part of the fine slime will be washed out, 
making the opening even larger. The 
grouting procedure in both slimed and 
unslimed areas is somewhat the same and is 
given in some detail below. 

In drifting through areas where there i is 
probability of water channels, it is cus- 
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tomary to keep a pilot hole ahead. Long 
underground diamond drill holes require 
the shutting down of the drift and fre- 
quently have drilled through channels more 
or less mud-choked without showing evi- 
dence of them. Simpler and surer has been 
the practice of using a 22-ft hole drilled by 
the regular drift crew each round. By 
alternating from one side to the other and 
from top to bottom, these will give warning 
of the channel even if the angle with the 
drift is acute. On cutting a water channel 
with the pilot hole, the water is then shut 
off with a tapered wooden plug in the hole 
and preparations made for grouting the 
channel. 

All loose rock is first cleaned off the face 
and then any small leaks through cracks are 
caulked up with wooden wedges and oakum. 
A hole (or several) with a diameter just 
under 2 in. is drilled into the face for a 
depth of about 3 ft and a grouting sleeve 
inserted. These are of 114-in. pipe threaded 
on one end for a valve and with a slight 
taper for about 10 in. on the other end. A 
thin layer of friction tape is wound around 
the tapered end and the pipe driven into 
the hole with a hammer. If the face rock is 
broken or a very high pressure of water ex- 
pected, the sleeve may be anchored with 
ties to anchor eye bolts to the side. A small 
hole is then drilled ahead of the sleeve 
with the steel passing through the valve 
and pipe until the water is cut. After 
withdrawal of the drill and closing of 
the valve, leakage of water in the face 
and around the sleeve may require more 
calking. 


Actual grouting equipment consists of 


the pressure pumps, mixing barrels and 
connecting hose and pipe. No. 6 Cameron 
pumps are used, with an 8-in. air cylinder 
and with water cylinder bushed down to 
314 in. With go lb air pressure this gives 
approximately 400 lb pressure for grouting. 
As the maximum hydrostatic head is less 
than 600 ft, there is ample capacity. Mixing 
barrels used are round tanks, 36 in. diam 


by 30 in. high, with a semi-cone bottom, An 
Ingersoll-Rand No. 25 sump pump is 
placed in each barrel as an agitator (the 
discharge of the sump pump is directly 
back into the barrel). Two barrels are used. 
Each barrel mix consists of 5 to 10 sacks of 
cement for about 70 gal of water. While one 
barrel is pumped the other one has its 
batch prepared. The entire outfit is 
mounted on flat cars and should be pushed 
as close as possible to the face to be 
grouted; that is, less than 35 ft. Connec- 
tions are made from the grout pump to the 
sleeves with high pressure 2-in. pipe and 
hose with union ends. A blow-off valve is 
placed in the line as close to the face as 
possible. 

Actual order of grouting varies some- 
what. If the channel in the face is thought 
to have a large amount of thin mud, clear 
water may be pumped at first to get room 
for the cement grout. If the face is badly 
shattered and broken with many leaks, a 
small amount of very thick grout may be 
pumped slowly and then allowed to set. 
Occasionally fine mule feed and a large 
amount of aquagel may be required as an 
addition. A new grouting hole is then pre- 
pared. It may be necessary to repeat this 
and gradually build up the rock so that 
blowouts of grout will not occur. If the face 
is solid and the channel apparently open, 
regular pumping is started with a mix of 
about 5 sacks of cement to 70 gal of water, 
gradually thickening the successive mix- 
tures up to about to sacks per 70 gal until 
the pump finally stalls. 

Common cement only is used. Aquagel 
is used as an addition of from one to two 
pounds per sack of cement. This allows 
much thicker mixtures to be pumped with- 
out strain on the pump and the grout 
sets better to the shape of the channel. The 
use of any fine sand has been found to be 
detrimental as there is usually separation. 
in the channel. Temperature of the water 
is 58°F. Pumping once started is continu- 
ous. Four men on a shift have pumped as 
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high as 300 sacks. As one hole shuts off, 
another one is started if ready, until the 
face will not take any more. After the 
channel is completely grouted, the cement 
is allowed to set for about a week. The drift 
is then advanced carefully through the 
channel until firm rock is met on the other 
side or more water is hit in a second 
channel. 

The amount of grout pumped into any 
one channel bears. little relation to the 
initial pressure. Three or four sacks or as 
high as 1500 sacks may be needed. In one 
drift that was crossing a channel zone, 
fifteen channels of various sizes were cut in 
a distance of about rooo ft. All had close to 
135 lb initial pressure and flows up to 1200 
gpm. Grouting averaged about 500 sacks 
per channel (some up to 1000) and did good 
sealing. It should be noticed particularly 
that this area had not been mass grouted by 
sliming from the surface. The fifteen 
grouting operations, totaling some 8000 
sacks of cement, in a slimed area would be 
reduced to possibly nine or ten grouting 
operations and would not use more than 
several hundred sacks of cement. In slimed 
areas, initial pressure of channels is quite 
low, rarely as much as 50 lb, and normally 
cement grouting will not require more than 
30 to 4o sacks at the most. Many of the 


' channels as cut are already completely 


grouting are thus seen to be good mutual . 


blocked. The slime grouting and cement 


complements. As the slime has already 
thoroughly settled and compacted, there is 


no mixing with the cement grout. The 


cement fills the remaining small openings 
and shuts off the last trace of water. The 


slime grouting cuts the amount of cement 


grouting to a mere fraction of that required 


without it. In addition, as it covers a wide 


area comparatively cheaply, it is not re- 
stricted to making a small ring around a 
narrow opening such as a drift, but is suit- 
able for preparing shattered and fractured 
areas for large mine openings such as high 
breast stopes. 


DISCUSSION 


I. B. Crospy*—The writer recently has had 
an opportunity to compare European with 
American grouting methods and he was im- 
pressed with the much greater use of chemical 
grouting in Europe. A few of the typical uses 
will be mentioned. It is used for tightening 
finely fractured rock, for producing impervious 
grout curtains in sand, and for grouting about 
tunnels in sand. It was used to produce a grout 
curtain in fractured limestone under the 
Castillon, Dam, now being completed, on the 
Verdon River, Southern France. It was used 
also in producing a grout curtain under the 
existing earth dam at Lac Noir, in the Vosges 
Mountains, France, where the grout was in- 
jected in sand and gravel of a glacial moraine. 
Experiments and tests have just been com- 
pleted for a grout curtain more than 300 ft 
deep in fine alluvium at the proposed Serre- 
Poncon Dam on the Durance River in Southern 
France. Mixtures of sodium silicate and sodium 
aluminate with varying amounts of cement and 
bentonite were used in each case. An example of 
tunnel grouting is the work on one of the Paris 
subways to prevent leakage where it passed 
through fine sand. A mixture of sodium silicate 
and sodium aluminate was used and successful 
results were obtained. Chemical grouting has 
been used successfully at many other places 
in Europe for various purposes and also in 
Algiers, Africa. 

The successful use of chemical grouting in 


other countries raises the question as to whether 


more consideration should not be given to its 
use in similar problems in this country. 


* Consulting Engineering Geologist, Boston, 
Mass. 4 


Barrier Pillars in the Anthracite Region of Pennsylvania* 


By S. H. Asut ann W. L. Eatont Mempers AIME 


(New York Meeting, March 1947) 


INTRODUCTION 


A BARRIER pillar in the anthracite 
region of Pennsylvania is a portion of the 
bed that is left unmined along the property 
line or lines of adjoining mining properties, 
or between mines, or between parts of 
mines. 

Barrier pillars perform important func- 
tions in anthracite-mining operations. Their 
principal function is to act as dams to 
prevent water that accumulates in a mine 
from suddenly breaking into an adjacent 
mine or into adjacent mine workings and 
causing loss of life, property, or both. 

More than 83 billion gal of water is 
impounded in 115 underground water pools 
in anthracite mines.!2 These pools are 
confined by a system of barrier pillars 
which separate adjacent mines. 

The principal factor that threatens to 
cut short the life of the anthracite industry, 
to curtail production, and to affect the 
economic structure of the people and busi- 
ness dependent on anthracite for their 
livelihood is the inundation of anthracite 
mines. !:2:4:13,29 

To obtain a clear picture of the anthracite 
mine-water problem, it is necessary to 
understand the part played by the barrier 
pillars that separate adjoining mines. 


* Published by permission of the Director, 
Bureau of Mines, U.S. Department of the In- 
terior. Manuscript received at the office of the 
Institute Jan. 17, 1947. Issued as TP 2280 in 
CoaL TECHNOLOGY, November 1947. 

+ Chief, Safety Division, U.S. Bureau of 
Mines, Washington, D. C. 

t Mining Engineer, Safety Division, Bureau 
of Mines, Wilkes-Barre, Pennsylvania. 

1 References are at the end of the paper. 
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PURPOSE OF REPORT 


The purpose of this report is to show the 
methods of determining the size of barrier 
pillars in the anthracite region, to present 
the hazards that exist because of the 
lack of sound engineering being applied to 
the size of many existent barrier pillars, 
and to suggest a method whereby barrier 


pillars can perform the function for which 


they are intended. 


THE BARRIER-PILLAR PROBLEM 


Article III, section to, of the Anthracite 
Mining Laws of Pennsylvania reads thus: 


It shall be obligatory on the owners of ad- 
joining coal properties to leave, or cause to be 
left, a pillar of coal in each seam or vein of coal 
worked by them, along the line of adjoining 
property, of such width that, taken in connec- 
tion with the pillar to-be left by the adjoining 
property owner, will be a sufficient barrier for 
the safety of the employees of either mine in 
case the other should be abandoned and allowed 
to fill with water; such width of pillar to be 


determined by the engineers of the adjoining 


property owners together with the inspector of 
the district in which the mine is situated, and 
the surveys of the face of the workings along 
such pillar shall be made in duplicate and must 
practically agree. A copy of such duplicate sur- 
veys, certified to, must be filed with the owners 
of the adjoining properties and with the in- 
spector of the district in which the mine or 
property is situated. 


Mining practices with regard to barrier 
pillars have varied greatly since mining 
began. In many anthracite mines the 
barrier pillars have been weakened or 
punctured. As a consequence, the condition 
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of barrier pillars in many abandoned mines 
and parts of some active mines is unknown. 
It is beyond the scope of this report to 


describe the means of protection being ° 


taken by anthracite-mining companies to 
prevent the failure of a barrier pillar if 
the hydrostatic pressure against it exceeds 
a definite figure.” 

At present the Federal Bureau of Mines 
is conducting a study on each barrier 
pillar to ascertain, if possible, whether or 
not it is large enough to withstand safely 
the hydrostatic pressure against it if the 
mine fills with water. 

Not much is known? about barrier-pillar 
seepage. A study on water pools under- 
ground in the anthracite region is too 
recent, and information is too meager, 
to have developed many data on this 
question. Other than knowledge that such 
seepage adds to the average water inflow 
on a property, there appears to be nothing 
that can be done about this seepage as long 
as water is impounded underground. 


METHODS OF DETERMINING SIZE OF 
BARRIER PILLARS 


The width of a barrier pillar between the 
mine workings of adjoining properties in 
the anthracite region is determined by the 
engineers of the adjoining property owners 
and the State mine inspector in whose 


district the properties are situated. 


a 


i 


See | 


An arbitrary rule for determining the 
width of barrier pillars, adopted by a num- 
ber of mining companies and the State mine 
inspectors of the Pennsylvania anthracite 
districts, is known as the “ Mine Inspectors’ 
Formula for Barrier Pillars.” The rule is as 
follows: ‘‘ Multiply the thickness of the coal 


bed, in feet, by 1 pct of the depth below the 
drainage level, and add to this five times 


the thickness of the coal bed.’’® 
This rule can be written in formula, as 


follows: 
W = (f Xo.01 X H) + sT, 


when W = width of barrier pillar, in feet; 
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H = depth below drainage level, or hydro- 
static head, in feet; and T = thickness of 
the bed, in feet. 

The drainage level of a mine is that alti- 
tude above which water will not rise. It is 
the overflow point and may be the surface 
altitude of a shaft or slope or the point at 
which an outside tunnel or drift intersects 
the coal measures. It may also be an open- 
ing in a barrier pillar that allows water to 
drain from one mine into another. 

Thus, for a bed 6 ft thick and 4oo ft 
below the drainage level, the barrier pillar 
should be, according to this rule, 


(6 X 0.01 X 400) + (5 X 6) = 54 ft wide 


Using this rule, or formula, computations 
were made to determine the widths of 
barrier pillars that are required for all 
beds of anthracite that range in thickness 
from 3 to 30 ft, to withstand a hydrostatic 
head varying in height from o to 800 ft.? 
This information is shown in Fig tr. 

By consulting Fig 1, the barrier-pillar 
width, when computed by: the Mine In- 
spectors’ Formula, can readily be deter- 
mined for any combination of bed thickness 
and hydrostatic head. 

To determine the widths of barrier pil- 
lars} other conditions besides the thickness 
of the bed and the vertical distance below 
the drainage level are considered by engi- 
neers and State mine inspectors. 

The nature of the bed in which the bar- 
rier pillar is to be established must be con- 
sidered carefully. If it is crushed by folding 
or is friable, it may not be satisfactory. 
Although it may not fail through collapse, 
its seepage factor may be too high; this 
results in excessive pumping costs to a 
company operating a mine adjacent to one 
that is filled with water. 

The geologic structure of the coal meas- 
ures where the barrier pillar is to be estab- 
lished must be carefully studied. It is 
evident that a barrier pillar established in 
an area in which a fault is present may 
prove useless. Water might readily flow 
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along the fault and pass from one side of 
the barrier pillar to the other. 

The dip of the bed also plays an impor- 
tant part in the determination of the width 
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gangway. The area that consists of the 
gangways and rooms from them and is 
mined from a given tunnel is called a level. 
There may be one or a number of levels, 
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of a barrier pillar, whether the proposed 
pillar be perpendicular to the strike of’ the 
coal measures or parallel to it. 

Where the beds are flat, or nearly so, and 
not friable or faulted, the width of the bar- 
rier pillar is generally determined by apply- 
ing the Mine Inspectors’ Formula; however, 
where the beds dip steeply, the results ob- 
tained from the formula are arbitrarily in- 
creased by the engineers and the State mine 
inspectors, according to their judgment and 
experience. 

The method generally employed to mine 
steeply dipping beds is to drive tunnels 
through the rock strata and anthracite 
beds, on a slight upgrade and perpendicular 
to the strike so as to intersect all the beds 
in the area. A gangway, or entry, is then 
driven in each bed, and the rooms’ (cham- 
bers, or breasts) are driven from the 


depending on the size of the mine and the 
depth of the syncline (synclinal axis) of 
the coal measures. 

The width, or size, of the barrier pillar 
applying to the barrier pillars in the respec- 
tive beds that are mined on a given level, 
where the beds dip steeply, is based on the 
thickness of the thickest bed intersected by 
the tunnel and is calculated by the Mine 
Inspectors’ Formula. In a given level, this 
width applies to all the beds, irrespective 
of their thicknesses; therefore, it is the 
width to be maintained between the given 
tunnel and the bottom of the tunnel of the 
next-above level. 

As the barrier-pillar width applying to 
the beds mined on each level is calculated 
by the Mine Inspectors’ Formula, and, as 
the thickness of the thickest bed is approxi- 
mately the same in each level, the cross 


~*~. 


section of the strata constituting a barrier 
between the mine workings adjacent to the 
barrier assumes the form of a pyramid by 
becoming wider with each successive level 
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from the top of the rock formation to the 


lowest bed in which pillars are extracted. 
On the map that shows the mine work- 
ings of an individual bed, some anthracite- 
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mining companies have plotted points that 
designate places that, in their opinion, are 
weak. A notation at each of these points 
gives the width of the barrier pillar as it 
should be, the actual width, and the 


of lower altitude: A barrier having a pyra- 
midal cross section is much more stable 
than one having a cross section such as is 


obtained by the application of the Mine 


Inspectors’ Formula to several beds where 
altitude. 
Where a barrier pillar acts as a dam 


the coal measures dip gently or are flat. 

between an active mine and an inactive 

mine that is gradually filling with water, 
such a barrier pillar often is considered by 
the mining company to be unsafe as a 
protection against a hydrostatic head 
that is more than fa definite figure. In 
such an active mine, holes are driven 
through the barrier pillar at strategic 
points. Valves are attached to the bore- 


(Fig 6.) 

To prevent damage by mining subsidence 
to railroads, highways, buildings, and sur- 
face areas, where pillars are extracted in 
the beds under them, a large anthracite- 
mining company has established a pro- 

cedure to govern the width of protective 
pillars. The protective pillars are designed 
so that the sides of a barrier consisting of 
- the rock strata and anthracite beds under 
a the surface area to be protected, are theo- holes to control the hydrostatic pressure 
a retical lines that are 45° to the horizontal against the barrier pillar. At critical points, 
from the surface to the top of the rock for- _ the barrier pillars have been strengthened 
mation and 70° to the horizontal downward by large blocks of masonry, reinforced 
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concrete, hydraulic backfilling, or by a 
combination of these means of protection. 
SomME TYPICAL BARRIER PILLARS 


Although a plan map of the mine work- 
ings containing a barrier pillar is necessary 
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to show the hazards created by hydrostatic 
pressure against the face of the barrier 
pillar, it is also necessary to show a cross 
section of the strata constituting the coal 
measures that overlie the barrier pillar. 

Fig 2 is a plan map of some typical 
barrier pillars between adjacent mines 
working the same bed in a part of the 
Wilkes-Barre area. 

Fig 3 and 4 show cross sections of the 
strata containing some typical barrier 
pillars separating adjacent. mines in the 
northern anthracite field. 

A barrier that is to act.as a dam must 
be designed to prevent subsidence of the 
critical strata or coal measures that over- 
lie the barrier pillars ‘of all the beds con- 


tained in the proposed barrier between the 
mines affected. 

In this report, the authors use the term 
draw line to mean a line drawn from the 
respective face, or edge, of the barrier pillar 
in the bed in which the anthracite is ex- 
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tracted to the edge of a surface area that 
may be affected by mining subsidence. The 
term draw line is synonomous with the 
term limiting line used by Briggs.7 

They also use the term the angle of draw 
to mean the angle of intersection of the 
draw line and a vertical line drawn from the 
respective edge of the barrier pillar to 
the surface. The draw line, with respect to 
the vertical line, is considered in this report 
as being over the barrier pillar. 

To prevent a squeeze and maintain the 
stability of a barrier that is designed to 
act as a dam between adjacent mines, the 
strata on both sides of the barrier must 
bend, break, or both at points that are 
outside of or coincide with the faces of the 
barrier. These faces must be outside of or 
coincide with the above-defined draw lines. 


es 
ee 
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Experience has proved that the hori- 
zontal projection of the width of a barrier 
pillar should be more than the width of any 
horizontal section of the overlying strata 
that the barrier pillar is intended to sup- 
port. Consequently, the angle of draw 
should be assumed to be no less than 
10° 7,15,19,20,21,23 

Draw lines having angles of draw of 10° 
are shown in Fig 3 and 4 to illustrate the 
possible effects of mining subsidence on the 
existent barrier pillars, where the beds are 
partly or completely extracted on both 
sides of the barrier pillars. 

If the width of the barrier pillar in each 
bed, where several beds are mined, is not 
sufficient, the draw lines of some of the 
barrier pillars may intersect the barrier 
pillar of one or several of the overlying 
beds, or intersect each other before they 
reach the surface or the altitude of the 
drainage level of the mine. Wherever the 
draw lines of a given barrier pillar intersect 
at a point below the surface or below the 
drainage level, subsidence of the surface or 
drainage facility will occur. 

The cross sections of the two actual 
barriers between adjacent mines, shown in 
Fig 3 and 4, definitely indicate that dam- 
age to the barrier pillars can be anticipated. 
In almost every instance the barrier pillar 
in each bed either is intersected by the draw 
line or lines of subsidence of the lower beds 
or is over the point or points of intersection 
of draw lines. 

In some of the beds shown, mining has 
been conducted on only one side of the 
barrier pillar. In one bed it is known that 
the barrier pillar has been punctured. 


DISCUSSION OF BARRIER PILLARS 


Where mining operations are conducted 
in more than one bed, the barrier pillars 


separating adjacent mines in which the 


same beds are mined are not always placed 
‘in a vertical plane, or columnized, but are 


offset. 


: 


There are reasons why barrier pillars 
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may be offset from each other. The owner- 
ship of the various beds may be different, 
and property lines may overlap; the beds 
may have been mined at different times; 
or an overlying bed may have been con- 


SECTION THROUGH OFFSET 
BARRIER, 


Fic 5—Cross 


sidered nonminable at the time an under- 
lying bed was extracted, and the extraction 
of the underlying bed caused damage to 
the overlying bed or beds, which were 
mined afterward. 

The offsetting of barrier pillars is open 
to criticism, because a number of poten- 
tially dangerous conditions can result, 
especially if the barrier pillars are expected 
to act as dams. As a consequence, protec- 
tion is not provided that will prevent water 
from flowing into mine workings on either 
side of the barrier pillars, if the mine work- 
ings are interconnected by broken strata 
or otherwise. 

Fig 5 illustrates some of the dangerous 
conditions that may arise if barrier pillars 
are offset. 

The weight of the strata, which includes 
the barrier pillars in beds A, B, and C, 
and which is shown as Barrier 1, is sup- 
ported by the strata underlying bed C. 
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When bed D is extracted to the boundary 
of the strata shown as Barrier 3, the strata 
above bed D may break and cause a cave, 
as at X. This can result in the failure of 
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Barrier 1, by subsidence. If water were 
impounded in mine workings on either 
or both sides of Barrier 1, especially in 
mine workings in bed C, the water would 
flow into mine workings in bed D and could 
result in damage to the mine and possible 
loss of life to persons working therein. If 
the strata at Y or Z break, water would 
flow from one side to the other of the 
barriers intended for the protection of mine 
workings in beds D, E, and F, and the 
barrier pillars, therefore, would be useless. 
The mine workings in bed £ provide an 
overflow point over Barrier 2 for water 
impounded in the mine workings of bed F, 

A barrier consisting of the strata that 
contain barrier pillars designed in accord- 
ance with the Mine Inspectors’ Formula 
may be unstable, where the coal measures 
contain several beds that dip gently or are 
flat, because the beds have different thick- 
nesses, and it so happens that the thickest 
bed is not the lowest bed in the coal 
measures, 


Fig 6 illustrates the form of the columnar 
section obtained where the barrier pillars 
are designed strictly in accordance with the 
Mine Inspectors’ Formula. It shows that 
the strata composing such a barrier between 
mine workings would be of doubtful 
stability where the beds are completely 
extracted adjacent to the barrier pillars. 

Where bed F is mined, especially if com- 
pletely extracted on one or both sides 
of the barrier pillar, subsidence of the over- 
lying strata is inevitable. The extent of the 
subsidence cannot be predicted. Caving 
may extend upward to Bed £, as shown in 
X and Y, Fig 6, and result in severe damage 
to the barrier pillar in bed £. See also Fig 
3 and 4. 

Subsidence of any part of the barrier 
pillar in bed E would undoubtedly create 
a weakness in this barrier pillar. If the 
mine on either side of the barrier pillar 
were abandoned at a later date, and the 
abandoned mine workings in bed E were 
allowed to fill with water, a risk of inunda- 
tion would exist in the active mine on the 
opposite side of the barrier pillar. The 
weakened barrier pillar in bed E might 
collapse and either cause sudden inundation 
of the active mine, with probable loss of 
life and possibly the loss of the mine, or 
allow large quantities of water to seep 
through the barrier pillar and into the 
active mine. 

If the barrier pillar is perpendicular to 
the strike of the bed, or perpendicular to 
the synclinal axis, the gangways or passage- 
ways driven on the strike are perpendicular 
to the pillar, or nearly so, and the rooms 
(chambers, or breasts) are parallel to the 
pillar. When the rooms adjoining the 
barrier pillar are finished, and particularly 
if the room pillars are extracted, the barrier 
pillar may run, break off, or slough. This 
causes a pocket which might extend through 
the barrier pillar. 

Fig 7 shows possible damage to a barrier 
pillar where the rooms are driven parallel 
and adjacent to the barrier pillar. 
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If the barrier pillar is parallel to the 
strike, the synclinal axis, or the anticlinal 
axis of the coal measures, the gangways or 
passageways driven on the strike are parallel 
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STEEPLY PITCHING BEDS. 


to the pillar, and the mine workings driven 


- off the gangway are perpendicular to the 


pillar. It is evident that here, too, when 


the rooms are finished, the barrier pillar 


& 


} 


may run, break off, or slough. This results 
in the barrier pillar being weakened, if 


A not actually punctured. 


Fig 8 shows possible damage to a barrier 
pillar where the rooms (chambers, or 
breasts) are perpendicular, or nearly so, 

_ to the barrier pillar. 
When establishing barrier pillars parallel 
_ to the strike of the coal measures, mining 


~ companies endeavor to place them exactly 
in the axis of the syncline, or basin. This 
lessens the probability of damage to the 


barrier pillar. It is not always possible to 
do this, because of different ownership 
, of the beds or because the exact position of 
the synclinal axis may not be known until 
the mine workings are well-advanced. 
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From the foregoing discussion on the 
determination of the size and position of a 
barrier pillar and on the conditions of 
existent barrier pillars, it is apparent that 
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Fic 8—BARRIER PILLARS PARALLEL TO THE 
STRIKE OF THE COAL MEASURES—STEEPLY 
PITCHING BEDS. 


uncertainty exists in the minds of those 
concerned, not only as to the method by 
which the size of a barrier pillar is deter- 
mined but also as to the stability of a 
barrier pillar that is to serve as a dam. 
Such a state of uncertainty regarding the 
correct size of a barrier pillar results in a 
pillar that either is excessively large or is 
unconsciously made too small. Where a 
barrier pillar must serve as a dam, the 
failure of it may result in loss of life, the 
mine, or both, and it would be far better 
had the barrier pillar not existed and 
thereby given a false sense of security. 


A PROPOSED STANDARD METHOD TO 
DETERMINE THE SIZE OF A BARRIER 
PILLAR THAT Acts AS A DAM 


The question of barrier pillars is inti- 
mately associated with the questions of 
ground movement (mining subsidence, 
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squeezes, and rock bursts) and load 
strength (roof support). 

To deal adequately with the technical 
details of the above-mentioned questions 
is beyond the scope of this report. However, 
unless mining operations are conducted so 
as to prevent a squeeze or rock burst 
(bump) that would affect a barrier pillar 
having the correct size to serve as a dam, 
there is no assurance that the stability of 
the barrier pillar can be maintained. 

The subject of ground movement is still 
an interesting and controversial - one, 
particularly the questions of mining sub- 
sidence, rock bursts, and the behavior of 
strata as their depth below the surface of 
the earth increases.”? 

Briggs? has discussed the theories of 
mining subsidence and gives a summary on 
conclusions regarding the mechanics. Her- 
bert and Rutledge!®*° and Young and 
Stoek*! have given information on mining 
subsidence in American practice that is 
pertinent in designing barrier pillars. 
Landsberg!’ prepared a bibliography on 
mining subsidence that, although incom- 
plete, comprises more than 800 titles of 
articles on the subject. Ash and West- 
field,* Griffith and Conner,!4 Montz and 
Norris,24 and Moore and Powell?® have 
discussed mining subsidence in the anthra- 
cite region. 

The question of rock bursts has been 
recently discussed by Bucky and others,’ 
by Irving,'® and by Phillips, Messervey, 
and Casey.?6 

Ashmead,® Darton,! Dierks,!! Enzian,!” 
Griffith and Conner,'4 Montz and Norris,?4 
and Rice and Enzian?8 have discussed 
ground movement and roof control in reports 
that deal solely with anthracite problems. 

The reserves of virgin anthracite lie at 
considerable depth in the anthracite 
region. Unless something is done to solve 
the mine-water problem in this region, it 
is only a matter of time until the mine 
workings in many deep anthracite mines 
will be underwater workings. The condi- 


tion of barrier pillars in both abandoned 
mines and active mines becomes increas- 
ingly important. The barrier pillars on 
which the safety of active mines depends 
can be severely damaged by squeezes, 
subsidence, or rock bursts. 

The largest percentage of the anthracite 
now being produced in underground an- 
thracite mines comes from pillars. Because 
underground mining is and has been con- 
ducted by room-and-pillar methods, breaks 
in the roof have attained major importance. 
Furthermore, as pillars are extracted in 
mines that may not even be close to some 
particular mine, large areas in that mine 
become affected by squeezes that override 
the barrier pillars. Because of the system 
of mining in anthracite mines, breaks in the 
roof extend over barrier pillars, and a 
squeeze can render a barrier pillar useless 
in a very short time. 

Where pillars have been left near a 
barrier pillar, and the mine workings have 
not been backfilled, water or water-laden 
strata that are controlled by the barrier 
pillar become a serious threat to the safety 
of the mine and persons employed therein, 
in the event of a squeeze and the failure 
of the barrier pillar.6 The same hazard 
often exists when pillars are extracted 
near a barrier pillar some time after the 
rooms are driven and the worked-out 
area is not backfilled as the pillars are 
extracted.® This is because of roof breaks 
and damage to the barrier pillar resulting 
from room-and-pillar mining. 

The authors believe that the stability 
of barrier pillars that are correct in size, 
when designed, can be maintained by the 
complete extraction of the bed being mined, 
preferably by a longwall method, and 
tightly filling the worked-out area’ by 
hydraulic or pneumatic backfilling with 
sand or similarly sized materials.*:27 


Behavior of a Barrier That Acts as a Dam 


It has been previously stated that the 
principal function of a barrier pillar in 
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anthracite-mining practice is to act as a 
dam and control water in underground 
pools. Such being the case, it would seem 
logical that the ideal solution to the prob- 
lem of barrier-pillar design would be to 
consider that a barrier pillar is part of a 
dam, or barrier, which is composed of the 
overlying strata, or coal measures. Such a 
dam, or barrier, would react in the same 
manner as a masonry dam. The term 
masonry dam will be used in this discussion. 

There are two ways, or cases, in which 
a masonry dam may resist the thrust of 
the water: (1) By the inertia of its masonry 
and (2) as an arch. 

A barrier that is composed of the above- 
given coal measures is definitely not an 
arch, where it acts as a dam; consequently 
Case 2 need not be considered. 

Case 1. The horizontal thrust of the water 
is held in equilibrium by the resistance of 
the masonry; consequently, the barrier 
must neither slide forward nor overturn. 
Such a dam is called a gravity dam. 

Failure of a gravity dam can occur in 
three ways: 

1. By sliding along a horizontal joint, 
or plane, or shearing along any section. 

2. By overturning. 

3. By the crushing of the material com- 
posing the dam. : 

Because the materials comprising a 
barrier that is designed to act as a dam 
are the natural strata, the resistance of 


the barrier to crushing is enormous. 


When a gravity dam is designed, the 
dimensions of the structure are so made 
that the resultant of forces passes through 
the middle third of its base; this gives the 


_ structure a factor of safety of approxi- 


mately 3. If the resultant of forces passes 
outside the toe of the free face of the dam, 
the dam will overturn when it is fully 


- loaded. 


The faces of a barrier that acts as a 
dam will never be entirely free, the barrier 
will receive lateral support even though 


mining has been completed on both sides 


j 


of it, and the subsequent draw lines of 
subsidence are established. It is logical, 
therefore, to give the barrier, or dam, such 
dimensions that the resultant of forces 
(considering the cross section of the barrier 
and the thrust of the water alone and not 
the other materials adjoining the face of the 
barrier) intersects the base of the barrier, 
or dam, just on the inside of its outer edge. 
The barrier will then be stable and have a 
factor of safety of 1 against overturning: 
Additional factors of safety are given by 
the resistance offered by the materials 
adjoining the sides of the barrier. 

The cross-section of a barrier that acts 
as a dam has the form of a trapezoid, of 
which the nonparallel sides make equal 
angles with the vertical, because the direc- 
tion of the water thrust can not be pre- 
determined and depends entirely on which 
mine is abandoned first and allowed to 
fill with water. Therefore, the barrier, to 
act as a dam, must be designed to resist 
water thrust from either side. A barrier 
having a trapezoidal cross section will 
satisfy these conditions. 


Determination of Correct Size of Barrier 
That Acts as a Dam 


~ It was found by trial calculations that a 
barrier, or dam, having a_ trapezoidal 
cross section with a top width of 50 ft, 
arbitrarily chosen, and a base width 
0.45 of the height will satisfy the condition 
that the resultant of forces intersects the 
basé of the barrier just on the inside of its 
toe and consequently will be stable. 

The height of the trial barrier was as- 
sumed to be 1130 ft, which is known to be 
the depth of the coal measures in an an- 
thracite property. The sides of this barrier 
are at an angle of 11° 27’ with the vertical, 
or approximately 1 horizontal in 5 vertical. 
The trial barrier, or dam, therefore satisfies 
the condition against overturning and 
against sliding. The factor of safety against 
overturning is r and against sliding is 1.4. 
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The coefficient of friction of the material 
composing the barrier was taken as I. 


Comparison of Stability of Barrier That 
Acts as a Dam with Stability of Barrier 
Designed by Mine Inspectors’ Formula 


The cross section and stability of the 
strata composing the above-mentioned 
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Fic g—Cross SECTION OF BARRIER, OR 
DAM, SUPERIMPOSED ON COLUMNAR SECTION 
CONTAINING BARRIER PILLARS DESIGNED AC- 
CORDING TO MINE INSPECTORS’ FORMULA. 


barrier that acts as a dam, can be com- 
pared with the cross section and stability 
of the strata composing the coal measures 
that contain the barrier pillars having 
widths that are calculated by applying the 
Mine Inspectors’ Formula, as follows: 

The depths, below the surface, of the 
anthracite beds in the place chosen for 
the trial dam are known. By considering 
the thicknesses of the beds to be the aver- 
age thicknesses of the given beds in this 
particular area, the widths, or sizes, of the 
respective barrier pillars are calculated 
by substituting the real values of the 
depths and thicknesses for the symbols in 
the Mine Inspectors’ Formula. (See p. 63.) 


The calculations are not given; however, 
for comparison, the cross section of the 
above-mentioned barrier, or dam, can be 
superimposed on a figure showing the 
columnar section of strata containing the 
barrier pillars having widths that are 
calculated by applying the Mine Inspec- 
tors’ Formula. This is shown in Fig 9. 

The barrier, or dam, shown in Fig 9, 
has a trapezoidal cross section. Such a 
barrier will not be damaged by mining 
subsidence, if the angles that its sides 
make with the vertical lines drawn from 
the toes of the base of the barrier, or dam, 
are equal to or more than the angles of. 
draw, as defined on page 66. 

The angle of draw varies widely, as re- 
ports in the literature show.7:!>19.?3,31 The 
authors believe that the angle of draw 
should not be assumed to be less than 10°. 
This is for safety, and because of the wide 
range (o° to go°) in the magnitude of the 
angle of dip of beds in the anthracite 
region as well as the tendency of pillars 
to “‘run,’”’ where the beds dip steeply. 

As the cross section of the barrier, or 
dam, shown in Fig 9, has sides that make 
an angle of 11° 27’ with the vertical, or 
approximately 1 horizontal to 5 vertical, 
such a barrier would not be damaged by 
subsidence due to the complete extraction 
of the bed in the areas adjoining the barrier 
pillars, provided that the areas in which 
the beds are extracted are large enough, 
and mining is conducted in such a manner 
that a squeeze or bump can not occur and 
the strata overlying the mined-out areas. 
can subside. 

By assuming that an angle of draw of 
10° applies to the barrier pillars shown in 
Fig 9, we can construct Fig 10 by plotting 
the respective draw lines on Fig 9. 

Fig to has been constructed to show 
the instability of barrier pillars that have 
been designed in strict accordance with 
the Mine Inspectors’ Formula and are 
to act as dams, as compared with the 
stability of the barrier pillars where they 
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are component parts of a barrier that is 
designed to act as a dam. 

Fig 10 definitely indicates that damage 
to the barrier pillars, which have widths 
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Fic 1o—Cross SECTION OF BARRIER, OR 
DAM, SUPERIMPOSED ON COLUMNAR SECTION 
CONTAINING BARRIER PILLARS DESIGNED IN 
STRICT ACCORDANCE WITH THE MINE INSPEC- 
TORS’ FORMULA AND ALSO SHOWING I0° DRAW 
LINES FROM EACH BED. 


designed in accordance with the Mine 
Inspectors’ Formula, can be anticipated. 
The barrier pillars, except those in the 
three lower beds, can be seriously affected, 


4 if not destroyed, by subsidence. Without 


exception, they are too small to act as 
dams, if either mine were filled with water. 
On the other hand, if the barrier pillars 
were component parts of a barrier designed 
to act as a dam, the strata on both sides 
of this barrier would bend or break at 
draw lines that would be outside of the 
faces of the barrier, and neither the rock 
strata nor the barrier pillars that compose 


widths of the barrier pillars were deter- 
mined by the engineers of the companies 
and state mine inspectors concerned. To 
what extent the Mine Inspectors’ Formula 


Fic 
ACTUAL BARRIER PILLARS ON WHICH IS SUPER- 
IMPOSED A CROSS SECTION OF BARRIER DE- 
SIGNED TO ACT AS A DAM. 


II—COLUMNAR SECTION CONTAINING 


was used to calculate the widths, or sizes, 
of the barrier pillars is not known, except 
that it was in accordance with anthracite- 
mining practice. 

Because a stable barrier consisting of rock 
strata and barrier pillars in the beds that 
are shown in Fig 3 is presumed to act as a 
dam, such a barrier must be designed to 
withstand a hydrostatic head of 786 ft, 
which is the vertical distance between the 
surface over the barrier and the floor 
of the lowest bed (H, Fig 3). The arith- 
metical calculations are not given; however, 
the sides. of the barrier are found to make 
an angle of 10° 57’ with the vertical. The 
length of the base of the barrier, or width 
of the barrier pillar in bed A, is 354 ft. 


: _ the barrier would be affected by subsidence 
or hydrostatic pressure. 

5 Fig 3 and 4 are cross sections of the 
strata containing actual barrier pillars 


separating adjoining properties, where the 


The barrier, or dam, has a coefficient. of 

friction of 0.70 and a factor of safety of 

1.43 against sliding, and a factor safety 
’ of r against overturning. 
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The differences between the widths of 
the existent barrier pillars and the widths 
of the barrier pillars that are component 
parts of a barrier designed to act as a 
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Fic 12—Cross SECTION SHOWING ACTUAL 
BARRIER PILLARS, 10° DRAW LINES FROM THE 
BARRIER PILLARS IN EACH BED, AND BARRIER 
DESIGNED TO ACT AS A DAM. SCALE: ONE INCH 
= 200 FT. 


dam are shown graphically in Fig 11, 
which is constructed by superimposing the 
cross section of the barrier on the columnar 
section that contains the barrier pillars 
shown in Fig 3. 

We have assumed that an angle of draw 
of 10° applies to the existent barrier pillars 
shown in Fig 3 and ir. Fig 12 is con- 
structed either by plotting the respective 
draw lines on Fig 11 or by superimposing 
Fig 3 on Fig 11. 

Fig 12 shows the instability of the actual 
barrier pillars, if they are to act as dams 
in the event that either mine adjoining 
the barrier pillars is filled with water, as 
compared with the stability of the barrier 
pillars where they are component parts 
of a barrier designed to act as a dam, 

Fig 12 indicates definitely that damage 
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to the existent barrier pillars can be antici- 
pated. The draw lines of subsidence indicate 
that, with the exception of the barrier pillar 
in the lowest bed H, the barrier pillars are 
likely to be affected by subsidence. With 
the exception of the barrier pillar in bed A, 
they are too small to act as dams if either 
mine is filled with water. However, the 
critical part of the barrier pillar in bed A 
is in strata that are likely to subside and 
consequently cannot be depended upon to 
prevent water that may be impounded in 
the mine workings in bed A from entering 
into the mine workings in bed B. 

It is also seen in Fig 12 that, if the barrier 


pillars were component parts of a barrier: 


designed to act as a dam, the draw lines 
of subsidence due to the mined-out areas 
adjoining the sides of the barrier would be 
outside of the faces of the barrier, and 


neither the rock strata nor the barrier . 


pillars composing the barrier would be 
affected by either subsidence or hydro- 
static pressure. 

As a stable barrier consisting of rock 
strata and barrier pillars in the beds that 
are shown in Fig 4 is presumed to act as a 
dam, such a barrier must be designed to 
withstand a hydrostatic head. of 852 ft, 
which is the vertical distance between the. 
surface over the barrier and the floor of 
the lowest bed J, Fig 4. The arithmetical 
calculations are not given; however, the 
sides of the barrier are found to make an 
angle of 11° o5’ with the vertical. The 
length of the base of the barrier, or width 
of the barrier pillar in bed J, is 384 ft. 
The barrier, or dam, has a coefficient of 
friction of 0.71 and a factor of safety of 
1.41 against sliding, and a factor of safety 
of 1 against overturning. 

The differences between the widths of 
the existent barrier pillars and the widths 
of the barrier pillars that are component 
parts of a barrier designed to act as a dam 


are shown graphically in Fig 13, which is" 


constructed by superimposing the cross — 


section of the barrier on the columnar 


Dili die 
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section that contains the barrier pillars 
shown in Fig 4. 

We have assumed that an angle of draw 
of 10° applies to the existent barrier pillars 


Fic 13—CoLUMNAR SECTION CONTAINING 
ACTUAL BARRIER PILLARS ON WHICH IS SUPER- 
IMPOSED A CROSS SECTION OF BARRIER DE- 
SIGNED TO ACT AS A DAM. 


shown in Fig 4 and 13. Fig 14 is con- 
structed either by plotting the respective 
draw lines on Fig 13 or by superimposing 
Fig 4 on Fig 13. 

Fig 14 definitely indicates that damage 
to the existent barrier pillars can be 
anticipated. The draw lines of subsidence 
indicate that, with the exception of the 
barrier pillar in the lowest bed J, the 
existent barrier pillars are likely to be 
affected by subsidence. None of them can 
be depended upon to act as a dam in the 
event that either mine adjoining the barrier 
pillars is filled with water. This is because 
the barrier pillars are too small, they may 
be damaged by subsidence, and their sta- 
bility is uncertain. Moreover, the barrier 

_ pillar in bed A is useless because no barrier 
pillar exists in bed B. .Although the 


barrier pillar in bed H is wide enough, the 
portion of bed J that is under the barrier 
pillar in bed H has been extracted. 

It can also be deduced from Fig 14 that, 


Fic 14—CRrOSS SECTION SHOWING ACTUAL 
BARRIER PILLARS, 10° DRAW LINES FROM THE 
BARRIER PILLARS IN EACH BED, AND BARRIER 
DESIGNED TO ACT AS A DAM. 


if the barrier pillars were component parts 
of a barrier designed to act as a dam, the 
draw lines of subsidence due to the mined- 
out areas adjoining the sides of the barrier 
would be outside of the faces of the barrier, 
and neither the rock strata nor the barrier 
pillars composing the barrier would be 
affected by the subsidence or hydrostatic 
pressure. 


A Formula for Determining Width of a 
Barrier Pillar 


Mining practice supports the opinion 
that any rule, or formula, for the size 
of a barrier pillar is to be regarded merely 
as a guide. No rule can possibly serve in all 
instances; however, a barrier pillar is of 
vital importance where it must serve as a 
dam to protect a mine and the persons 
employed therein. 

The prevention of failure of a barrier 
pillar that is acting as a dam requires a 
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remedy that leaves no question of doubt. 
Such a remedy requires the use of a simple 
formula by which the width, or size, of a 
barrier pillar can be determined without 
attempting to connect the thickness of the 


Trace of Property 
Line on Bed 


Cross Section 
of Borrier 


Trace of Property 
Line on Base of 
rrier 


a- Property Line and Barrier Pillar ore 
Porallel to Strike of Bed 


Fig 15 illustrates the procedure for de- 
riving the formula for determining the 
width, or size, of a barrier pillar in a bed, 
regardless of the thickness of the bed and 
its inclination, or dip. 


Cross Section 
of Barrier 


Trace of Property 
Line on Base of 
Barrier 


b- Property Line and Barrier Pillar are 
Perpendicular to Strike of Bed 


Fic 15—PROCEDURE FOR DERIVING FORMULA, BY WHICH THE WIDTH, OR SIZE, OF BARRIER PILLAR 
IS CALCULATED. 
a. Property line and barrier pillar are parallel to strike of bed. b. Property line and barrier 


pillar are perpendicular to strike of bed. 


bed and the width of the barrier pillar, by 
means of a formula. 

To protect a barrier pillar, whether the 
bed is steeply inclined or flat and the 
size of the barrier pillar is ample to serve 
as a dam, the mined-out areas adjoining 
the barrier pillar must be tightly filled, 
preferably with sand or similarly sized 
materials that are placed hydraulically or 
pneumatically. 

The dimensions of barriers to act as 
dams have been calculated, where the 
hydrostatic heads to be resisted are 786, 
852, 1130, and 2000 ft, respectively. 

The cross section of a barrier to resist a 
hydrostatic head of 2000 ft, which is the 
approximate maximum depth below the 
surface reached by the lowest workable 
bed in the anthracite region, has the follow- 
ing dimensions: Depth, 2000 ft; top, 
50 ft; and base, goo ft. The sides of the 
barrier have a slope of 12° to the vertical. 
The factor of safety against sliding is 
1.35 and that against overturning is 1. 


If in Fig 15 we express all measurements 
of distance in feet, and let 
A = the width on the plane of the bed, of 
the portion of the barrier pillar on the 
rise side of the property line; 
the width, on the plane of the bed, of 
the portion of the barrier pillar on the 
dip side of the property line; 


& 
ll 


L = A-+ B= the width, or size, of the 


barrier pillar; 

C = the horizontal width of the barrier, or 
dam, as measured on the surface or at 
the drainage level; this is considered 
to be 50 ft, which the authors believe 
should be the minimum width of the 
top of a barrier that acts as a gravity 
dam; 

D = the vertical distance, or depth, be- 
tween the property line on the surface 
and the trace of the property line on 
the floor (bottom, or footwall) of the 
bed; 

d,ise = the horizontal distance from the 

property line to the floor of the bed, 


os ' - ian 
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where the bed outcrops at some 
point on the rise side of the property 
line on the top of the barrier, or 
dam; 

daiy = the horizontal distance from the 
property line to the floor of the bed, 
where the bed outcrops at some 
point on the dip side of the property 
line on the top of the barrier; 


6 = the angle that the nonparallel sides 
of the cross section of the barrier 
make with the vertical, where the 
barrier has a top that is 50 ft wide, 

° has a depth of no more than 2000 ft, 


and has a factor of safety against 
sliding of not less than 1.35 and 
against overturning of not less than 1. 
This angle is taken as 12° for a barrier, 
so that it can serve as a gravity dam; 
gy = the dip of the bed. 
We can derive the following equations 
that are applicable where the bed does 
not outcrop within the limits of the top of 


the barrier, or dam, and the property 


ae 


line and barrier pillar are parallel to the 
strike of the bed (see a, Fig 15): 


(5 + D tan @) [sin (90° — @)] 
A= 2° eee Ee Ae (1) 
sin (90° + 6 — g) 


where C = so ft, and @ = 12°, or 


24.45 + 0.208D 
sin (102° — ¢)’ 


(¢ wep tan 0) [sin (90° + 8) 


(2) 


eee oes PG) 


sin (go° — 6 — ¢) 


= where C = ‘so ft, and @ = 12°, or 


_ 24.45 + .0.208D 
me bind gore)” 
AS eb 


(4) 
(5) 


| where C = soft, and @ = 12°, or 


= (24.45 + 0.208D) 


I 
es (102° a ¢) a ae —y)) 


If the inclination of the bed is zero (a 
flat bed), or 9 = 0, 


C 
A= cates + D tan 6, (7) 
where C = 50 ft, and @ = 12°, or 
A = B= 25 + 0.213D, (8) 
and 
L=A+ B= 50+ 0.426D. (9) 


Where the bed outcrops on the rise side 
of the property line on the top of the barrier, 
or dam, we find that 


rise : 


A= ’ 
cos ~ 


(10) 


and B is found by means of Eq 4. 

Where the bed outcrops on the dip side 
of the property line on the top of the 
barrier, or dam, we find that 


A =o, (11) 


and 


BS an Oe) 


where C = so ft, and 6 = 12°, or 


24.45 — 0.978 daip 

Bsn (8 eye 
Where the property line and _ barrier 
pillar are perpendicular to the strike of 
the bed (see 6, Fig 15), and, regardless of 
the thickness of the bed, its inclination, 
and whether or not it outcrops, the por- 
tions, A and B, of the base of a given cross 
section of the barrier are of equal mag- 

nitude with respect to the vertical plane 
of the property line. 
The depth D, or vertical distance be- 
tween the surface or drainage level and a 
definite point that is formed by the inter- 
section of a given vertical cross section | 
of the barrier and the trace of the property 
line on the plane of the floor of the bed, is 
equal to the vertical distance from the 
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surface to the floor of the bed, which is 
considered as being flat, regardless of its 
inclination. In other words, ¢ is considered 
as being zero at the above-mentioned 
point in the bed. 


@ 
(o) 
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The mine-property owner is interested 
to know how much of the given bed must 
be left on his side of the property line. 
The widths A and B of the portions of the 
barrier pillar can be calculated by means 


8 


or Width, in feet, of Barrier Pillar on the Rise Side of the Property Line. 


A, 


200 
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Because of the above-given reasons, the 
real value of A or B, where the property 
line and barrier pillar are perpendicular to 
the strike of the bed, can be found by sub- 
stituting the real value of D in Eq 8, or 


A = B= 25 +0.213D. (8) 


Where the beds dip steeply, the widths 
A and B applying to the barrier pillar 
are governed by the position of the barrier 
between the properties concerned. To 
recover a justifiable portion of a bed, the 
position of the barrier, with respect to 
the property lines, may be changed by 
the property owners concerned. 


1000 


1200 1400 1600 


of whichever equation (1 to 13 inclusive) 
applies to the problem; however, the real 
values of the widths A and B can also be 
determined by means of Fig 16 and 17. 


CONCLUSIONS 


From the foregoing discussion on the 
existent barrier pillars in the anthracite 
region of Pennsylvania, and particularly 
with regard to the lack of strict observance 
of the Mine Inspectors’ Formula for 
determining the widths of barrier pillars, 
it is apparent that uncertainty exists in the 
minds of all concerned, not only as to the 


. adaptability of any rule for the size of a 


o Bese 


Rete mee 
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barrier pillar, but also as. to the stability 
of many existent barrier pillars which are 
presumed to act as dams. 

By considering that the strata containing 
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- barrier pillars is a dam, and by designing 


the barrier as a gravity dam, the authors 
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ings, are of such importance as to justify . 


their size. 

Often barrier pillars are punctured 
by passageways in which masonry dams 
are constructed to resist hydrostatic pres- 
sure. If the barrier pillar itself is unstable 
because of ground movement or lack of 
load strength, a masonry dam in any 
unstable part of the barrier pillar can fail 
even before the barrier pillar collapses. 
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DISCUSSION 


CADWALLADER Evans, JRr.*—The paper 
clearly indicates that the authors are appre- 
hensive about the water problems in the anthra- 
cite region, which have been under study by 
the engineers of the coal companies and of the 
State for many years, and by the U. S. Bureau 
of Mines for a part of that time. 

These present-day problems would be very 
much simplier if the need and value of bar- 
rier pillars had been realized 75 years ago, when 
mining at depth was getting under way in this 
region. Unfortunately anthracite-bearing lands 
were not generally controlled in large blocks 
by one company or individual, and because of 
the irregular shape of the holdings the amount 
of coal which would have had to be left for 
barrier pillars of the size which this paper ad- 
vocates, was too great to be considered, taking 
into account the economics of the industry at 
the time. 

The State Mine Inspectors developed a 
formula for barrier pillars which the authors of 
this paper consider inadequate. There is a possi- 
bility that they are right, but it must be remem- 
bered that the formula was not intended to be, 
and in general has not been interpreted and 
applied literally. It is a guide to determine 
minimums, and in every case the known or 
expected conditions of the surrounding strata 
should be taken into account in determining 
actual sizes. In many cases that come to our 
knowledge, these factors have been taken into 
account when the barrier pillar was formally 
agreed upon by the State Mine Inspectors and 
the engineers of the companies involved, prior 
to its being legalized in a formal “Barrier 
Pillar Agreement.” The great difficulty in 
the past has been that barrier pillars were not 
established soon enough. As a consequence, 
excavations were made too close to property 
lines before there was any attempt to establish . 
a barrier pillar and, obviously, all that could 
be done was to make the best of what existed. 

The discussion proposed by the authors is 
interesting and we may accept their assump- 
tions as being correct, but it must be remem- 
bered that before they can be applied, there 
must be careful evaluation of the character of 
the roof, the character of the coal bed itself, 
and of the underlying strata. Consideration 


* The Hudson Coal Co., Scranton, Pa. 
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must be given to the nature of the overburden 
some distance above the roof, because this 
frequently unknown but important factor has 
caused trouble in the past. 

The paper will be of value in guiding deter- 
minations regarding the size of barrier pillars 
in the southern part of the anthracite field, but 
seems to be academic with respect to the larger 
portion of the anthracite field, since these bar- 
riers are already largely determined and their 
extent limited by mining already done. 
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If barriers of the size recommended in this 
paper are to be established, it will be necessary 
for the companies to pool their holdings in 
order to lay out colliery operations ample 
enough to justify barrier pillars of the size 
which the authors indicate to be necessary. 
To make economically possible the use of such 
barrier pillars, the land lines separating the 
properties would have to be readjusted so as to 
run across the valleys instead of following the 
measures as they frequently do now. 


Oil and Gas Wells Drilled through Workable Coal Seams 


By Arco J. ALEXANDER* 


(New York Meeting, February 1948) 


Coat is produced, in commercial quanti- 
ties, in thirty-five of the fifty-five counties 
of West Virginia. Oil and gas are produced, 
commercially, in forty-two counties. So, 
you may readily see that coal, oil and gas 
are closely related as to production areas. 
Many of the West Virginia coal mines are 
studded with oil and gas wells, as drilling 
has been done in thirty-two of the coal 
bearing counties. 

When the drilling of oil and gas wells was 
placed under the regulatory control of the 
Department of Mines on June 1, 1929, it 
was estimated, by the State Geological 
Survey, that 64,000 wells had been drilled 
in West Virginia and that 34,000 wells were 
then being operated as oil and gas pro- 
ducers. No records of many of these re- 
maining 30,000 abandoned wells exist and 
some of them remain a standing menace to 
safety as our coal extraction continues. 

Of a total of 13,100 new wells drilled 
since June 1929, approximately 5200 have 
been drilled through coal measures. Ap- 
proximately 7000 wells, which were drilled 
through coal measures, have been aban- 
doned in the same period of time. Many 
of these wells were drilled prior to the 
enactment of the oil and gas laws. 

Prior to the enactment of the Oil and 
Gas Law, which established the Oil and 
Gas Division of the Department of Mines 
in 1929, there had been several mine ex- 
plosions attributable to cutting into un- 


Manuscript received at the office of the 
Institute February 17, 1948. Issued as TP 2430 
in CoaL TECHNOLOGY, November 1948. 

* Chief, West Virginia Department of Mines, 
Charlestown, West Va. 
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charted wells and the improper plugging of 
other wells. The most serious explosion was 
that of Mines No. 47 and No. 49 of the 
Consolidation Coal Co. in Marion Co., 
when one of the so-called plugged wells 
leaked or seeped through some 8o ft of 
strata to the coal bed elevation, filling the 
mine with gas, the gas being ignited, killing 
a good many men and wrecking two coal 
mines. 

Legislation, to combat well hazards to 
coal mines, was slow in coming. In 1928, 
R. M. Lambie, then Chief of the Dept. of 
Mines, got sufficient support from coal, oil 
and gas interests to get the legislature to 
pass our present oil and gas laws. These 
statutes not only protected the coal indus- 
try but went a long way toward conserving 
the oil and gas resources of our state. 

Before drilling for oil or gas on any tract 
of land, known to be underlaid with one or 
more workable seams of coal, the well oper- 
ator is required to submit a map of the area 
showing the location of the proposed well, 
and to send a copy to the Dept. of Mines 
and a copy to the coal operator. If no 
objections to the location of the proposed 
well are made by the coal operator within 
ten days, a drilling permit and a number for 
the well are then issued and work may 
proceed. If, however, the location of the 
proposed well is objected to by the coal 
operator, on the grounds that the location 
of the well will interfere with present mine 
operations, projected workings, or other- 
wise cause a dangerous condition, the 
operator may file a written objection with 
the Dept. of Mines. 
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If the well operator and the coal operator, 
between themselves, cannot agree on a new 
location suitable to both parties, then 
either party can demand a hearing to be 
held in the office of the Chief of the Dept. 
of Mines and he decides the issue. However, 
either party, if dissatisfied with the decision 
of the Chief of the Dept. of Mines, can 
appeal to the Circuit Judge of the district 
in which the proposed well is to be located. 

The method of procedure in drilling 
through workable coal beds is, quoting 
from the law: “A well penetrating one or 
more workable coal beds shall be drilled to 
such depth, and of such size, as will permit 
the placing of casing and packers in the hole 
at such points and in such manner as will 
exclude all oil, gas, or gas pressure from the 
coal bed, except such as may be found in 
the coal bed itself. Each string of casing 
run in the hole shall be provided with a 
steel casing shoe or collar firmly fixed on 
the bottom of the string of casing. Each 
string of casing run through a workable bed 
of coal shall be seated, at least thirty feet 
below such coal bed, in twenty feet of 
cement, mud, clay or such other nonporous 
material as will make an effective seal, and 
after any such string of casing has been so 
seated, drilling may proceed forthwith to 
any required depth.” It has been the prac- 
tice, in the northern part of the state, to 
cement this largest casing through the coal 
and when abandoned, is left in the well with 


a vent to the outside. 


Protective devices when gas is found 
beneath or between workable coal beds, 
again quoting from the law: ‘In the event 
that gas is found beneath a workable coal 
bed before the hole has been reduced from 


_ the size it had at the coal bed, a packer shall 


be placed below the coal bed, and above the 
gas horizon, and the gas by this means di- 
verted to the inside of the adjacent string of 
casing through perforations made in such 
casing, and through it passed to the surface 
without contact with the coal bed. Should 
gas be found between two workable beds of 
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coal, in a hole of the same diameter from 
bed to bed, two packers shall be placed, 
with perforations in the casing between 
them, permitting the gas to pass to the 
surface inside the adjacent casing. In either 
of the cases here specified, the strings of 
casing shall extend from their seats to the 
top of the well.” 

There are many cases when wells are 
drilled through areas in a coal mine that 
has been mined out. The law provides as 
follows: ‘When a well is drilled through the 
horizon of a coal bed from which the coal 
has been removed, the hole shall be drilled 
at least thirty feet below the coal bed, of a 
size sufficient to permit the placing of a 
liner which shall start not less than twenty 
feet above it. Within this liner, which may 
be welded to the casing to be used, shall 
be centrally placed the largest sized casing 
to be used in the well, and the space be- 
tween the liner and casing shall be filled 
with cement as they are lowered into the 
hole. Cement shall be placed in the bottom 
of the hole to a depth of twenty feet to form 
a sealed seat for both liner and casing. 
Following the setting of the liner, drilling 
shall proceed in the manner provided 
above. Should it be found necessary to drill 
through the horizon of two or more work- 
able coal beds from which the coal has been 
removed, such liner shall be started not less 
than twenty feet below the lowest such 
horizon penetrated and shall extend to a 
point no less than twenty feet above the 
highest such horizon.” 

When a well is to be abandoned, the well 
operator shall notify the coal operator and 
again quoting from the law: “Prior to the 
abandonment of any well, the well operator 
shall notify, by registered mail, the coal 
operator or operators to whom notices are 
required to be given by section two of this 
article, and the Department of Mines, of its 
intention to plug and abandon any such 
well (using such form of notice as the 
Department may provide), giving the num- 
ber of the well and its location and fixing 
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the time at which the work of plugging and 
filling will be commenced, which time shall 
be not less than five days after the day on 
which such notice so mailed is received or 
in due course should be received by the 
Department of Mines, in order that a 
representative or representatives of the coal 
operator and of the department, or of both, 
may be present at the plugging and filling 
of the well. Whether such representatives 
appear or do not appear, the well operator 
may proceed at the time fixed to plug and 
fill the well in the manner hereinafter de- 
scribed. When such plugging and filling 
have been completed, an affidavit, in 
triplicate, shall be made (on form to be 
furnished by the department) by two ex- 
perienced men who participated in the 
work, in which affidavit shall be set forth 
the time and manner in which the well was 
plugged and filled. One copy of this 
affidavit shall be retained by the well op- 
erator, another (or true copies of same) 
shall be mailed to the coal operator or op- 
erators, and the third to the Department of 
Mines. A marker of concrete or iron shall 
be erected over the location, with the name 
of the company and number of the well 
stamped or cast upon it as a means of 
identification to the coal operator or any 
other interested persons. 

“Upon the abandonment or cessation of 
the operation of any well drilled for natural 
gas or petroleum, the well operator, at the 
time of such abandonment, or cessation, 
shall fill and plug the well in the following 
manner: 

“Where the well has penetrated one or 
more workable coal beds, it shall be filled 
and securely plugged in the manner afore- 
said, to a point forty feet below the lowest 
workable coal bed. If, in the judgment of 
the well operator, the coal operator and the 
Department of Mines, a permanent outlet 
to the surface is required, such outlet shall 
be provided in the following manner: A 
plug of cement, or other suitable material, 
shall be placed in the well at a suitable 
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point, not less than thirty feet below the 
lowest workable coal bed. In this plug and 
passing through the center of it shall be 
securely fastened an open pipe not less than 
two inches in diameter, which shall extend 
to the surface. At or above the surface of 
the pipe shall be provided a device which 
will permit the free passage of gas, and 
prevent obstruction of the same. Following 
the setting of the cement plug and outlet 
pipe as aforesaid, the hole shall be filled, 
with cement to a point twenty feet above 
the lowest workable coal bed. From this 
point the hole shall be filled with mud, clay 
or other nonporous material to a point 
thirty feet beneath the next overlying 
workable coal bed, if such there be, and the 
next succeeding fifty feet of the hole filled 
with cement, and similarly, in case there 
are more overlying workable coal beds. If, 
in the judgment of the well operator, the 
coal operator, and the Department of 
Mines, no outlet to the surface is considered 
necessary, the plugging, filling and cement- 
ing shall be last above described.” 

Up to now only the side of the picture 
that protects the coal operator has -been 
presented. The oil and gas operator has 
some rights in this matter, also. When a 
coal operation extends its working within 
500 ft of any well already drilled or being 
drilled, a map shall be filed with the Dept. 
of Mines showing its mine workings, pro- 
jected workings and proposed pillar plan, 
and at the same time, a copy mailed to the 
well operator. The size of the pillar, for 
the protection of the well, depends on the 
depth of the overburden. It has been 
the practice to leave a maximum pillar of 
200 ft square. This pillar must be left 
permanently. 

Following the filing of such plans and 
map, the coal operator may proceed with 
the operations to within 200 ft of the well. 
If there are no objections by the well op- 
erator, a permit is issued by the Dept. of 
Mines to the coal operator to extend mine 
workings, according to plans on file, 
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The coal operator shall, at least every 
six months, bring such plans or map so 


filed up to date. 


The well operator has the right to file 
objections to the coal operator driving 
closer than 200 ft and hearings are held in 
the office of the Chief of the Dept. of Mines 
in the same manner as locating a new well. 

The law further provides that the Dept. 
of Mines shall have supervision over all 
drilling and mining operations and. shall 
make such rules and regulations for both 
the well operator and the coal operator 
bearing on this specific subject. The Dept. 
of Mines has received very fine cooperation 
from both coal and oil and gas operators. 
There were many uncharted wells drilled 
prior to 1929, and both coal and oil and gas 
operators have gone to a great deal of ex- 
pense in trying to locate these uncharted 
and abandoned wells on their properties. 
There have been instances where cutting 
machines have cut into the casing of these 
uncharted wells but, fortunately, no gas 
was encountered as only the outer casing 
was penetrated and, in old unplugged wells, 
the water pressure had shut off the gases. 
There have also been instances where wells 
have been improperly plugged and have 
caused some difficulty, such as permitting 
top hole water to drain into the mine. At 
the present time, due to a scarcity of oil and 
gas well casing, many wells are being 
plugged and there are quite a few contrac- 


tors who are doing this work for.the oil and 


gas producers. It might be well to know 
that, at this time, some of these’ people, 
when they encounter difficulties, such as 
parted casings, cave-ins, and the like, will 


- neglect to carry out the details of the work 
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order and they bear careful watching. The 
“Work Order,” which is prepared from the 
well record, outlines the procedure to be 
followed when plugging a well. 

The oil and gas division of the Dept. of 
Mines is set up as follows: Its head is a 
practical oil and gas man with many years 
experience in the business, with the title of 
Administrative Assistant. He has one 
inspector-at-large and four inspectors in the 
field. These men are all oil and gas men 
with many years experience and we feel 
that the office is well administered. It is the 
job of the five inspectors to see that the oil 
and gas wells are properly plugged in ac- 
cordance with the work order issued by the 
oil and gas division. : 

The drillers of all wells shall keep an 
accurate and complete log or record of all 
wells drilled, showing:all formations drilled 
through, the casing used and where set; 
where water, fresh and salt, was encoun- 
tered and the amount; where oil and gas 
were encountered, amount and volume and 
any other information that may be of 
value to the future development of the 
state’s natural resources. The well operator 
is required to file with the Dept. of Mines 
this ‘“‘data sheet” or ‘‘well record” when 
drilling is completed or when wells are to be 
plugged. 

Permanent records of all the wells drilled 
and plugged since 1929, together with pillar 
plans for mining around wells, are now on 
file with the oil and gas division, along with 
maps of their location and other data, pro- 
viding for the mine operators, oil and gas 
operators, geologists and other interested 
persons, a comprehensive and complete 
record of some 23,000 wells. 


Maintenance of Coal Mining Equipment. Report of Maintenance 
Committee—Coal Division AIME 


By A. Lee BARRETT,* CHAIRMAN, MEMBER AIME 
(New York Meeting, February 1948) 


THE Maintenance Committee of the Coal 
Division of the American Institute of Min- 
ing and Metallurgical Engineers is present- 
ing as a part of this report the second of a 
series of maintenance cost comparisons. 
The committee’s purpose is to assemble 
maintenance costs on all equipment con- 
nected with mechanical operations at the 
face of coal mining and to arrange these 
costs by districts so that comparisons can 
be made between districts and within 
districts. 

The committee, this year, sent 35 ques- 
tionnaires to representative coal companies 
who either reported last year or had advised 
specifically of the inability to report to last 
year’s questionnaire primarily because of 
limited time. The response to the question- 
naire this year was not as good as last year, 
only 20 of the 35 selected companies return- 
ing a completes questionnaire. 

This year’s data have been compiled and 
combined with last year’s data to present 
a comparison of the 1945 and 1946 costs of 
loading machines, shortwall cutting ma- 
chines, universal cutting machines, service 
locomotives, shuttle cars, and mine cars, 
The same tabulation by districts is used 
as was used for 1945. As was indicated by 
last year’s report there is considerable vari- 
ation in the maintenance cost of mining 
machinery in the various coal mining dis- 
tricts and due to this high variability it 
was not felt practical to attempt to arrive 
at weighted averages. Consequently, all 
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average figures used in this report are 
straight averages. 

An analysis was made of companies re- 
porting both this year and last year in an 


me dl 


attempt to determine the trend in main- © 


tenance costs for different classes of equip- 
ment. Ten representative. companies are 
used in this computation. Table 1 shows the 
average cost for 1945 and 1946. 


TABLE 1—Maintenance Cost Trend 


1945-1946 
Per Cent 
Type of Equipment | E235 | 4? | Thacover, 
1945 
Mobile Loaders........ 0.065 | 0.075 +15.4 
Shortwall Cutters...... 0.037 | 0.047 +27 
Universal Cutters...... 0.058 | 0.055 —- 5 
Post Mounted Drills...] 0.011 | 0.014 +27 
Service Locomotives...] 0.035 | 0.043 +22.9 
Shuttle Cars.......... 0.048 | 0.067 +39.5 
Mine Carsii.y)osiiiisincs 0.013 | 0.016 +23 


It is felt that the negative trend in the 
maintenance cost of universal cutting ma- 
chines probably represents the effect of the 
purchase of a relatively large number of 
new machines in 1946 with little mainte- 
nance cost appearing during the first year 
of operation. The grand total figure indi- 
cates an upward trend amounting to plus 
18.7 pet. However, this figure is viewed 
with some suspicion because of the effect of 
the universal cutters decreasing mainte- 
nance cost and it is concluded that direct 
application of percentage increase should 
be made to types of equipment. 

In Table 2 covering maintenance costs of 
various types of mining equipment for 1945 
and 1946 the results obtained in Table 1 


indicating trends were applied to those ~ 
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1945 figures where companies did not report 
in 1946, so as to arrive at 1946 maintenance 
cost for such companies. The committee 
felt that while such corrections could not be 
depended on for individual operations, in 
overall averages they would be quite safe. 


Data this year indicate that time be- 
tween overhauls has been lessened by ap- 
proximately 30 pct. This was indicated by 
a general trend and probably represents 
greater experience with mechanized mining. 

An analysis of the relative cost of labor 


TABLE 2—Maintenance Cost of Mining Equipment 1945-1946 


Shortwall Universal Service Shuttle Mine 

Loaders Cutters Cutters Loco. Cars Cars 
1945 | 1946 | 1945 | 1946 1946 | 1945 | 1946 | 1945 | 1946 | 19045 | 1046 
Central Pass. .s5:- 0.083] 0.095] 0.038) 0.048 0.041] 0.050] 0.082] 0.115} 0.019] 0.023 
Western Pa aeeaps a. 0.078] 0.092] 0.030] 0.038] 0.064] 0.062] 0.040] 0.049] 0.053] 0.070] 0.015] 0.018 
Ma iseaneb Ecler Ware ti scackch 0.085] 0.073] 0.051] 0.063] 0.030] 0.027] 0.038] 0.061] 0.099] 0.168] 0.015] 0.015 
West Virginia...... 0.073} 0.084] 0.037] 0.046] 0.060] 0.052] 0.059] 0.071 0.023] 0.028 
Eastern Ky........ 0.055} 0.056] 0.039] 0.050} 0.045] 0.052] 0.050] 0.062] 0.155] 0.158] 0.018] 0.019 
Mestemmyloy 5.) . 65 0.057} 0.072] 0.051] 0.072] 0.044] 0.042] 0.017} 0.021] 0.045] 0.059] 0.004} 0.005 
Illinois 0.069} 0.080] 0.028] 0.035] 0.047] 0.045] 0.033] 0.040] 0.076] 0.107| 0.016] 0.0190 
Indiana 0.063} 0.072] 0.045] 0.057] 0.056] 0.053] 0.027| 0.033] 0.060] 0.084] 0.005] 0.006 
PLO BEM os iaitea eoes 3 0.091] 0.II0] 0.045] 0.054] 0.090] 0.085] 0.037] 0.047] 0.040] 0.049] 0.011] 0.013 
Alabama 0.089} 0.103] 0.055| 0.070] 0.047] 0.045] 0.051] 0.063] 0.069] 0.097] 0.032] 0.039 
Wyoming.......... 0.039] 0.042] 0.029} 0.033]. 0.014] 0.010] 0.010] 0.015] 0.014] 0.017 
Monta iaie. <<a oss 0.102] 0.118] 0.050] 0.063 0.066] 0.081 0.038] 0.047 


Table 2 was compiled from 33 companies 
reporting for 1945 and 1946 and is felt to be 
representative with respect to the locations 
indicated. An attempt was made this year 
to establish a definite basis of costs as a 
result of comments at the time of the 
presentation of the reports last year, 
namely, to base all costs on material han- 
dled. Because of the smaller number of 
responses received this year it was not 
considered feasible to set the cost up on 


’ this basis. We might point out, however, 
_that in the case of those companies report- 


ing this year, costs were on a clean coal 
basis in the ratio of 14 to 1. It seems reason- 


‘able to assume, therefore, that companies 


reporting in 1945 would hold to about the 
same ratio and the table in general could be 


considered as based on clean coal. 


The amount of spare equipment main- 
tained was much more uniform between 
companies this year than was the case last 


year. 


It will be noted that the number of active 
loading machines per spare last year and 


this year are about the same. 


TABLE 3—Spare Equipment for Various 
Classes of Equipment 


No. or ACTIVE 


TYPE OF McuHs. PER 
EQUIPMENT SPARE 
LO AMOR chicos a auasiond oun stencil) o.Secca.ctete 5 
SHortwall cutters)... sc- emis s)steet es 6 
Universal ctitt@rsiac.snetielaeuteiin ere 7 
TOCOMOTNVES ois mete arcuscele tic ace ashe foes 17 
Shuttle Carsvccttes eaesenciew.s eee I4 


and material in maintenance cost reveals 
that 45 pct of the total maintenance cost in 
1946 was labor and 55 pct was material. 


TABLE 4—Average Time in Shifts between 


Overhauls 
TYPE OF SHIFTS BETWEEN 
EQUIPMENT OVERHAUL 
AGOUCLCES ays sleoisveiiniena sks) = 0 /aveveual eyes 748 
Shortwallicutters. 2.6.5 .6.02..c.0. 1046 


Universal cutters.......--....+. 1433 
Locomotives..... 7 1187 
Shirtile: Cars ipetaeis ore ctate sreccrase 808 


This figure is interesting in that it is exactly 
in the same ratio as for 1945. While there 
are minor variations in specific instances, 
the trend is extremely uniform throughout 
the industry. 

The total number of loading machines 
represented by this report is in excess of 
600 with corresponding numbers of cutting 
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machines, locomotives, shuttle cars, and 
mine cars. 

The committee feels that the cost data 
presented in this report should be valu- 
able information for operating companies 
throughout the country. The committee 


will continue its work through 1947 and 
hopes that operating companies will supply 
them with information so that the work 
may be of value. The committee wishes to 
thank the mining companies who have so 
generously.contributed data for this report. 


Sectionalizing Power Distribution Underground 


By A. Ler Barretr,* Memper AIME 
(Cincinnati Meeting, October 1947) 


MINE power systems are quite different 
in many respects from those usually found 
in industrial plants. Wide areas are served, 
usually by a circuit which is connected con- 
tinuously throughout the mine. In some 
mines one circuit may run for several miles. 
There are usually a small number of branch 
circuits involved considering the areas 
covered. In all mines circuits are sectional- 
ized at approximately 2500 ft by means of 
switches. All, or at least most branch cir- 
cuits, are sectionalized by manual switches. 
In some mines automatic sectionalizing 
gear is used to give automatic overload 
protection at various strategic points in the 
system. However at the present time this 
practice is by no means general. 

Circuit hazards in mine electric systems 
are much greater than those encountered in 
industrial installation. Falls of roof or coal 
form a prominent hazard which may break 
the wire and may cause ground faults or 
partial ground faults. Ordinarily electric 
cables in mines cannot be insulated, there- 


_ fore a fall can easily cause a short circuit. 


The humidity in most mines is greater 
than 95 pct and at many points the floor is 
wet and water may be dripping from the 


- roof over insulators, increasing the difh- 
culties at that point. 


All electrical circuits must be contained 


_ in the mine entries and space must also be 


provided for moving equipment and men. 
Consequently, because of the proximity of 
the power circuit to the locomotives and 


other moving equipment a considerable 


hazard is introduced. Mine haulage track is 
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not always good so that wrecks are not 
unusual. A wreck frequently does consider- 
able damage to the power circuit. 

A ground fault frequently results in 
heavy arcing which may be sustained. If 
the damage to the circuit is mechanical it 
may mean that a trip of coal has wrecked 
and a great deal of coal dust could be 
thrown into the air as a result of the wreck. 
The arc resulting from the ground fault 
could ignite the coal dust and a mine ex- 
plosion would. result. A continued ground 
fault, even if high in resistance, also may 
ignite the coal which may be on the bottom 
of the entry and a mine fire may result. 
The fire hazard is one of the most serious 
hazards in any coal mine. : 

Since the mine circuit is completely in- 
terconnected, any power interruption re- 
sulting from a fault seriously affects the 
whole operation. Unless the mine is com- 
pletely sectionalized the whole mine will 
be shut down until the fault is located and 
the proper switches are opened to isolate 
the fault; even then large areas may still be 
without power if they are supplied by a 
single power circuit which may be opened 
in isolating the fault. Further, mine power 
is usually supplied from a relatively small 
number of substations and the fault may be 
on a stub feed circuit, in which case power 
cannot be restored until the fault has been 
cleared. 

Practice varies widely with respect to 
placement of substations. Usually they will 
be spaced from 1 to 2 miles in 500V opera- 
tions, and at 1 mile intervals or less, in 


- 250V operation. Actual mining operations 
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govern substation placements and no 
general rules can be followed. 


go 


As has been previously stated, sectional- 
izing overload practice and protection var- 
ies widely from mine to mine. It can be 
seen from the foregoing discussion that 
there is a great need for adequate overload 
protection of electrical circuits in mines. A 
great deal is yet to be done in this direction. 

Installation and operation of overload 
protective and sectionalizing equipment 
should be handled with engineering care. 
Numerous instances have been brought to 
light where such equipment was serving no 
useful purpose because of circuit conditions 
and improper placement of the protective 
equipment. ; 

The mine track system is used for one 
side of the electrical circuit in practically 
all mines; as a result circuit uncertainties 
are always present unless track bonding is 
checked from time to time. ~ 

A series of tests now being conducted by 
Mr. F. E. Griffith, formerly of the Pa. 
Dept. of Mines and currently with the 
_U. S. Bureau of Mines, and Mr. C. L. 
Brown of the U. S. Bureau of Mines is 
uncovering some very interesting informa- 
tion with respect to mine circuits. 

When published this information will 
undoubtedly be of great value to coal oper- 
ators in laying out and operating mine elec- 
trical systems. Their tests show that mine 
circuit resistance approaches its theoretical 
value in few cases. Usually they are higher 
and it is not unusual for the resistance to be 
double the theoretical value. This points to 
the fact that more attention should be 
given to maintenance of mine circuits than 
is usually given and foreshadows a very 
pertinent problem in overload protection 
and sectionalization. 

A number of cases has been found where 
the circuit resistance was high and the over- 
load setting required to handle the normal 
load on the circuit was also high so that a 
direct short circuit, at the end of a stub cir- 


cuit, would not result in enough current ~ 


to trip the overload device. This is obvi- 
ously a dangerous situation and one which 
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should be corrected either with sectional- 
izing breakers or with adequate circuit 
resistance. 

There are usually five points in the 
underground distribution system at which 
overload protection might be applied: (1) 
At the substation; (2) between substa- 
tions; (3) at main branch circuit junctions; 
(4) at secondary branch circuit junctions; 
(5) at equipment connections. 

At the substation protection is desired 
for the conversion equipment, for the sta- 
tion wiring, for the distribution circuit to 
sectionalizing breakers, and, in some in- 
stances, to the face. Usually the substation 
is located near the main haulage circuit 
and some protection is afforded main line 
locomotives by the overload protection 
provided in the substation. 

Interrupting capacity required in over- 
load equipment located at the substation is 
primarily determined by the capacity of 
the incoming alternating current line. Di- 
rect current circuit resistances in the prox- 
imity of substations are quite low and 
would allow excessive current to pass if not 
limited by incoming line characteristics. 
Usually an interrupting capacity of 25,000 
amp is sufficient, though in some cases 
interrupting capacity of 50,000 amp is 
better practice. 

Protection at this point usually consists 
of hand or automatic oil circuit breakers 
ahead of the conversion equipment and of 
individual direct current circuit breakers, 
either manual or automatic reclosing, for 
each direct current circuit leaving the sub- 
station. In some mines it is the practice to 


tie all circuits leaving the substation to one | 


automatic circuit breaker. This lack of 
sectionalization results in circuit breaker 
settings minimizing circuit protection on 
individual circuits. 
Feeder circuits almost always parallel 
and include the trolley wire, so that they 
are exposed to dripping water, falls, and 
wrecks occurring on the haulage ways. 


Fault resistances may vary from 100 ohms __ 


1 
ene ee 
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or more to o ohms in case the trolley wire 
directly contacts the rail. There is no sec- 
tionalizing equipment at the present time 
which is able to differentiate between a high 
resistance fault and a normal mine load. 
The normal instantaneous output of a mine 
substation is usually between 175 and 200 
pet of the substation’s current capacity. 
Depending on the circuit layout of the 
mine, all of this load or a part of it may 
appear on an individual distribution circuit. 
Obviously under these conditions it is very 
difficult for circuit breakers to provide 
much protection against mine fires resulting 
from high resistance ground faults. 

The required circuit capacity of main 
feeder lines varies from mine to mine, and 
in a given mine. The usual overhead con- 
ductor capacity between substations is of 
the order of 1,000,000 cir mils including 
trolley wire and feeder wires in 500 volt 
mines, and 2,000,000 cir mils in 250 volt 
mines. The rail side of the circuit usually 
has approximately the same capacity, 
though in 500 volt mines with heavy track 
the capacity may be greater. Where automa- 
tic reclosing directs current, circuit breakers 
are used on the various feeder circuits out 
of the substation and attention should be 
given to the proper reclosing time. Con- 
siderable difficulties are encountered with 
equipment in the mine if the reclosing time 
is too short, while the loss of time would be 
too great if the reclosing time were long. 
A minimum reclosing time of approxi- 
mately 20 sec is good practice and maxi- 
mum reclosing time should not exceed one 
minute. Minimum reclosing time is estab- 
lished by the time required for motors to 


come to rest or be completely disconnected 


ei 


Fy 


on 


ee 
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from the distribution circuit in such a 
manner that they will be recycled through 
their starting cycle when power is restored. 
If sufficient time is not provided, flashovers 
may occur on the motors involved. 

Safe reclosing loads is also a matter for 
serious consideration at the substation. 
Good practice requires that permanently 


connected loads such as heaters and lights 
be held to a minimum as it is impossible for 
the breaker to differentiate between such 
loads and fault loads when attempting to 
reclose. It is poor practice to use any across- 
the-line starting motors controlled by knife 
switches on mine circuits, as the armature 
resistance of a direct current motor is very 
low at standstill. 

On idle days and off-shifts it is common 
practice to shut down all but one or two 
substations at the mine, feeding all circuits 
from the remaining operating substations. 
This introduces an additional hazard be- 


. cause additional circuit resistance is in- 


serted from a load point at the end of a 
mine circuit and the substation which may 
be serving that point. Under these circum- 
stances circuit resistance can be so high 
that the circuit breaker will not trip even in 
case of a direct short circuit at the remote 
point. One method of eliminating this 
hazard is to provide two circuit breaker 
settings easily adjusted on the substation 
breakers—one setting for normal work-day 
conditions and a much lower one for idle 
days or off-shift conditions. This greatly 
improves protection against faults which 
might cause fires. 

It is good practice to install an automatic 
reclosing sectionalizing circuit breaker in 
the main feeder lines between each two sub- 
stations. Usually this tie breaker would be 
installed at the load center of the circuit 
running from one substation to the other. 
At this point the interchange of current on 
the circuit is a minimum and will allow for 
the lowest circuit breaker setting. This is an 
important consideration if several sub- 
stations are used on a common circuit as it 
will assist in isolating the fault from a re- 
mote substation whose working breaker 
setting may be excessive when the distance 
from the fault to the substation is con- 
sidered. Minimum circuit resistance be- 
tween this tie breaker and the substation 
is usually in the order of 0.06 ohms for the 
500 volt installation and 0.03 ohms in the 
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250 volt installation, so that interrupting 
capacities in excess of 10,000 amp are not 
required for this type of service. Maximum 
loads carried by this sectionalizing tie 
breaker will be less than half the maximum 
load fed to the circuit by substations at 
either end. 

As with substation breakers, an idle day 
or idle shift presents certain problems. As in 
the case of the substation breaker, it is good 
practice to provide two current settings 
easily adjusted on the tie breaker so the 
current rating can be decreased consider- 
ably during idle periods. This will provide 
much better protection against high resist- 
ance faults which may not operate sub- 
station or tie breaker when operated at 
normal current settings. 

Reclosing time of the tie breaker should 
be short as compared to the reclosing time 
of a substation breaker since the reclosing 
time of the tie breaker is added to the time 
of the substation breaker. If the tie breaker 
does not close in quickly there may be a 
serious increase in voltage on one side of 
the breaker on closing which could cause 
flashovers. 

It is good practice to install sectionalizing 
circuit breakers at the junction of main 
circuits and interconnecting circuits be- 
tween substations. A fair degree of protec- 
tion may be obtained in s00V mines, 
however, without the use of main branch 
sectionalizers, providing circuit conductiv- 
ity is good. In general main branch circuits 
feed face entries or panel entries which 
include the mine working sections. The 
average circuit resistance between the main 
branch sectionalizer and the substation 
would be in the order of 0.06 ohm for 500V 
mines and 0,03 ohm for 250V mines. These 
values are quite variable however since it is 
possible for a main branch circuit to break 
off very near a substation and since there is 
considerable variability in mine power sys- 
tems. In 500V mines main branch circuits 
usually have about 500,000 cir mils in the 
copper circuit and the equivalent of about 


1,000,000 cir mils in the track return. 2 soV 
mines in general have about 1,000,000 cir 
mils in each side of the circuit. Main branch 
circuits may extend to a distance of 
approximately sooo ft. They are gradually 
built up from o as the section is developed 
to their full extent and gradually re- 
approach o as the section is worked out. 

Interrupting capacities of 10,000 amp are 
usually adequate for these breakers though 
in certain instances where the circuit con- 
nects close to a substation higher interrupt- 
ing capacity would be required. The power 
supplied to a main branch circuit is as vari- 
able as the extent of the panel entry or face 
entry. Breaker settings of around 1000 amp 
for 500V mines, and around 2000 amp for 
250V mines are usual. 

Reclosing time should be similar to that 
for substation breakers for the same rea- 
sons. Resistance of the main circuit at the 
time of reclosing should be as high as pos- 
sible in order that good protection may be 
had against high resistance ground faults. 
Normally it would not be expected that 
there would be too many fixed loads such 
as lights or resistances in these areas. 

A dual overload setting is good practice 
on sectionalizers main branch circuits, as 
they are useful on idle day and off-shift 
periods, when only a small pumping load 
may be carried. Much better protection is 


secured against fire if a dual overload relay 


setting is used. 

Secondary branch circuits are usually 
working section circuits or butt entry cir- 
cuits. In some instances two working sec- 
tions may be a part of the secondary branch 
circuit. These circuits usually have a mini- 
mum length of approximately 2500 ft and 
build up from o to 2500 ft dropping back to 
o as the section is worked out. It is not 
general practice at the present time to use 
sectionalizing circuit breakers for secondary 
branch circuits; however it is thought that 
this would be a very good practice. 

Secondary branch circuits may usually 
be adequately protected with 300-500 amp 
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circuit breakers in s00V mines, and 600- 
1000 amp circuit breakers in 250V mines— 
settings are variable depending on the 
extent of the section. 

Circuit resistance from the secondary 
branch circuit breaker to the substation is 
highly variable depending on the location 
of the junction of the secondary branch 
circuit with the main branch circuit. Good 
practice would indicate that in 500V mines 
the maximum resistance at the secondary 
branch circuit should be around 0.20 ohm 
and the minimum resistance to the second- 
ary branch circuit breaker should be 
around 0.05 ohm; in 250V mines these 
values should be 0.10 ohm and 0.03 ohm 
approximately. These figures indicate that 
circuit breakers of 10,000 amp interrupting 
capacity should be used. 

Various types of sectionalizing equip- 
ment may be used to protect secondary 
branch circuits. Automatic reclosing circuit 
breakers are probably the best overall but 
automatic reclosing contactors can be used 
satisfactorily as can hand reclosing circuit 
breakers. The difficulty with hand reclosing 
equipment is the time required for a man to 
travel from the working face to the second- 
ary branch circuit breaker in order to re- 
close it and the lack of knowledge on the 
part of the operator as to what the circuit 
conditions are at the time of reclosure. It is 

_ entirely possible to use fuses for the protec- 
tion of secondary branch circuits; however 
- the same objections would apply to fuses as 
to hand reclosing circuit breakers and the 
cost of operation would be higher. Reclos- 
ing time for secondary branch circuit break- 
ers should be approximately 20 sec in order 
_ to give equipment time to clear the line. 
The best idle day protection for second- 
ary branch circuits is to disconnect the 
_ power; however if it is necessary to main- 
tain power secondary branch circuits dual 
overload relay elements can be used giving 
the maximum protection during times of low 


~ load. A common practice with considerable 


merit is to provide small fuses for these sec- 


tions during idle time, which can be inserted 
or cut out by the operation of knife switches. 

Electrical equipment used in mines can 
be classed in three general groups; station- 
ary equipment, such as pumps, compressors 
and shop equipment; semiportable equip- 
ment, such as belt, shaker and chain con- 
veyors; elevating conveyors and car moving 
equipment and portable equipment, such 
as locomotives, mining machines, shuttle 
cars, loading machines and drills. Portable 
equipment is usually supplied with cable 
reels and lengths of cable running from 
350 to soo ft. 

Usually stationary equipment is installed 
in a manner very similar to surface station- 
ary equipment. Generally the wiring is 
protected adequately and danger from fire 
is reasonably remote. Circuit hazards too 
are greatly reduced as stationary equip- 
ment is usually located in well timbered 
areas or in underground buildings of tile, . 
steel, concrete block, or brick. Choice of 
protective equipment depends primarily on 
the size of the equipment. In most instances 
fuses are adequate and most economical. 

Semiportable equipment such as con- 
veyors are usually wired in a less protected 
manner so that good circuit protection is 
desirable to insure protection against fire 
or explosion. Frequently conveyors are so 
located and ventilated that coal dust may 
introduce a hazard. While this can be kept 


‘ definitely under control by the use of water 


and rock dust, it is a sound plan to add all 
the protection in the circuit that is feasible. 

The best protection for this equipment 
and its wiring is an automatic or more usu- 
ally a manual overload circuit breaker. 
Contactors are also satisfactory since an 
interrupting capacity of approximately 
5000 amp is adequate because of the high 
circuit resistance from the equipment to the 
substation. Secondary branch circuits feed- 
ing this equipment are usually approxi- 
mately 211,000 cir mils in 500V mines and 
422,000 cir mils for 250V. mines. On the 
basis of average circuit conditions thruout 
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the mine, it would be expected that the 
average resistance from stationary equip- 
ment to the substation would be in the 
order of 0.15 ohm for 500V mines and 0.075 
ohm in 250V mines. Resistance from the 
equipment to the substation can, however, 
vary widely, depending on the location 
of the equipment on the secondary by-cir- 
cuit, the location of the secondary branch 
circuit on the main branch circuit, and the 
location of the main branch circuit on the 
main feed lines. Fuses present the difficulty 
that the blowing time of larger size fuses is 
long. This may mean an arc from several 
seconds to as much as a minute duration 
before the circuit is open. Obviously this 
introduces unwanted hazards in dusty 
areas. 

Portable equipment, such as shuttle cars, 
locomotives, cutting machines, and loading 
machines are equipped with trailing cables 
» ranging in length from 350-500 ft. sooV 
mines in general use No. 6 and No. 4 cables, 
whereas 250V mines use No. 4, 2 and 1 
cables, depending on the size of the equip- 
ment involved. The following table indi- 
cates the circuit resistance of various cable 
sizes in common used. 


TABLE 1—Circuit Resistance of Various 
Cable Sizes 


OuMsS RESISTANCE 


CABLE SIZE FOR 500-FT CABLE 
6 0.40 
4 0.25 
2 0.16 
I 0.13 
(3) 0.07 


It will be noticed that these cables add a 
significant amount of resistance to the cir- 
cuit on which they are used and that the 
current flowing in case of a fault in the 
cable is reasonably well limited. 

Portable cables are subject to a number 
of hazards including falls of roof, mechani- 
‘cal damage in handling, and possible dam- 
age from associated equipment. They pre- 
sent on failure one of the most serious prob- 
lems in the electrical circuit since they are in 
the active working place where gas and dust 
accumulations are most likely to exist. 


‘ 


SECTIONALIZING POWER DISTRIBUTION UNDERGROUND 


Most portable cables are presently sec- 
tionalized by fuses at the point where they 
attach to the main power circuit of the 
mine. In order to hold trolley tap cable 
fuses to small sizes, fuses are manufactured 
which are not approved by the Bureau of 
Underwriters because of their small size. 


q 


As a result there is considerable variability — 


in the blowing time of fuses manufactured 
by different concerns. When failures occur 
it is not unusual for a cable arc to persist 
(under certain conditions) for as much as 
one minute when fuses are used. 

It is thought that very much better pro- 


‘tection could be had from the use of circuit 


breakers at this point since fuses require 
considerable time before blowing in case of 
a fault. Experimental installations of small 
circuit breakers in trolley taps have indi- 
cated that a greatly improved situation 
exists when they are used. It is reported 
when such circuit breakers are used no 
flashing has been seen when cables fail. At 
this time there is need for the development 
of a small trolley tap circuit breaker which 
would be light in weight—preferably less 
than 15 lb—rugged in construction, so that 
it could be handled rather roughly in moy- 
ing the equipment, and reasonable in cost— 
preferably not more than $50.00. 

It is realized that the considerable dis- 
tances involved in mine electrical circuits 
make adequate servicing, testing, and in- 
spection a problem. However the hazards 
present are serious. It is considered that 
a great deal more than ordinary engineering 
study should be given to the layout and de- 
sign of electric circuits underground. Over- 
load protection and sectionalization should 
be carefully planned to insure that the mine 
is properly protected under all conditions. 


Inspection could be improved profitably in 


order to prevent the wide divergence of 


theoretical and actual circuit resistance in 
the mine. Such a program would go far 
toward improving the economics of power 
consumption in mining as well as toward in- 
creasing the safety of the mining operation. 
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Methods of Disposal and Handling of Refuse at Anthracite Mines 
in Eastern Pennsylvania 


By Gerorce J. Crarx,* Mremprr AIME 


OnE of the major problems of operation 
in the anthracite industry is the disposal 
and handling of refuse—not because of 
its complexity but because of the quantity 
and type of material involved. It is the 
purpose of this paper to describe the kinds 
of refuse, methods of disposal, quantities 
of material to be handled and equipment 
used, together with present day application 
at specific operations in the Northern, 
Eastern Middle, Western Middle and 
Southern anthracite fields. 

For the purpose of this paper, refuse is 
considered to be any material that has no 
present or foreseeable future value and 
that must be handled and disposed of in 
the process of mining and preparing 
anthracite for, market. Included in this 
classification are tunnel rock, mine rock, 
cleaner plant refuse, breaker refuse, old 
timber, ashes and silt. 


DisposAL METHODS 


Old timber is disposed of either by 
burning or by depositing on the refuse 
bank. Burning is preferred because timber 
on the refuse bank is a potential fire 
hazard. 

Ashes are deposited on a separate bank, 
mixed with other refuse, or flushed into 


old mine workings. In many places, the 


# 


latter practice has caused considerable 
difficulty in preparation of coal mined 
from these areas. In depositing ashes on 
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the surface, it is wise to refrain from mixing 
them with material containing coal as 
such contamination may prevent reclama- 
tion of the coal in future years. 

Tunnel work, mine rock, cleaner plant 
and breaker refuse compose the bulk of 
the material to be disposed of and handled, 
and are referred to collectively as ‘‘refuse”’ 
in this paper. Waste material in or adjacent 
to the coal beds may be removed at the 
working face wherever possible. This 
can be done in flat or lightly pitching beds, 
and in the Northern field represents a 
sizable percentage of this type of refuse 
handled. In the -other three coal fields, 
this method of disposal cannot often be 
used. Refuse not removed at the working 
face is taken to the surface and generally 
is deposited on banks; occasionally it is 
crushed and flushed into old mine work- 
ings. Breaker refuse often is used for con- 
structing berms for silt-retention basins. 


DiseposAL PROBLEMS 


The problem of handling refuse is 
different for each operation, owing to 
topographical conditions, quantity of mate- 
rial to be handled, anticipated require- 
ments and types of equipment in use 
elsewhere at the operation. Preparation 
plants with limited refuse-disposal areas, 
excessive grades to reach the required 
elevation and long hauls to disposal areas 
not readily accessible require the selection 
of equipment to best meet the conditions. 
The quantity of refuse to be handled 
from a given amount of raw material 
varies considerably throughout the four 
fields. In mine coal, this varies from a low 
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percentage in the flat-pitching beds, where 
a comparatively clean car of coal is ob- 
tained by gobbing the refuse, to a high 
percentage in pitching measures where 
all material, including the extraneous 
material adjacent to the bed, is loaded by 
gravity into the cars and taken to the 
surface. The quantity of refuse also varies 
with the kind and quality of the raw feed. 
An operation handling a high percentage of 
raw material from strippings in heavily 
mined pitching beds or from low-grade 
banks will be obliged to handle a relatively 
high percentage of refuse from a given 
amount of raw feed. 


REFUSE-HANDLING EQUIPMENT 


In the selection of refuse-handling 
equipment, consideration should also be 
given to the anticipated life of the opera- 
tion and to possible further use or salvage 
value of equipment. Types of equipment 


in use elsewhere in the work should be 


considered; for example, at a stripping 
operation trucks used for hauling coal or 
overburden can be used part time to 
handle cleaner-plant refuse. 

Refuse is handled on the surface by 
many types of equipment, and also to 
haul the waste material to the refuse bank. 
The commonest types of equipment are 


TABLE 1.—Relative Amounts of Refuse Handled on the Surface, Exclusive of es 
in the Four Anthracite Fields during 1045 


Quantity of Refuse Handled Expressed as Percentage of Raw 


Material by Weight 
Refuse in Coal 
Field 
Straight 
Rock Removed at Total Total 
Primary Removed at Rictucaan Refuse 
Cleaning Breaker Co | Handled on 
Plants by Surface 
ING REET Sis nlatyoteus feteieis) acenstass mip eal 6.8 16.4 16.6 23.4 
Hastert NIGGIGs 5 cin. cerlere ¢< kshy icin «00 (oer) 28.2 43.7 50.4 
Western Madde ih tie) én tejssstwbee aa ee's 2.5 35,2 45.8 48.3 
DOULHOTIL: nite e nih: Maoutte tiigeia theless chek 2.6 41.1 44.5 47.1 


The relative amount of refuse handled 
on the surface in each of the four anthracite 
fields during 1945 (Table 1) varies from 
23.4 pct of total raw material for the 
Northern field to 50.4 pct for the Eastern 
Middle field. The amount of refuse is 
expressed as a percentage by weight of 
the total raw material handled. All types 
of raw coal feeds are bulked and all refuse 
included, except silt and ashes, whether 
handled directly as straight rock, removed 
at a primary cleaning plant, or removed 
at the breaker. These averages are based 
on the experience of companies producing 
approximately 65 pct of the anthracite 
in eastern Pennsylvania, and are considered 
representative of each field. 


mine cars, refuse cars, trains, incline cars, 
belt conveyors, belt stackers, flight con- 
veyors, aerial tramways and trucks. 

At some operations, particularly in the 


an 


Northern field, straight rock, which con- — 
sists of material not put through the ~ 


preparation plant, is taken directly to the 
dumping point in mine cars. 

Cars for hauling refuse in the anthracite 
field have been manufactured by a number 
of companies and have been made and 


used extensively in a wide variety of — | 


sizes and styles. Cars have been built in 


sizes ranging from capacities of about — 


too cu ft to 38 cu yd in the end-dump, 
side-dump or three-way dump types, with 


stationary bodies and sloping bottoms, — 


—*, 
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rocker-type bodies and flat-bottom drop- 
side bodies. The cars are operated in trains 
drawn by steam or electric locomotives, 
or are equipped with direct-current electric 
motors, which enable them to operate 
as individual units. These motorized cars 
are designed to operate on limiting grades 
of from 3 to 10 pct and at speeds ranging 
from 5 to 10 miles per hour. 

Motorized trains consisting of a load- 
carrying locomotive and one to three 
cars are in use in all four anthracite fields. 
The trains generally are designed ‘to 
operate on limiting grades and speeds 
similar to those for the motorized refuse 
cars. It is essential for one of the cars 
in the train to be equipped with an end- 
dump body, to aid in extending the dump 
and in building and maintaining the 
uniformly graded track required for effi- 
cient operation. It is believed that the 


first train with a load-carrying locomotive 


was put in use in the anthracite field by 
the Susquehanna Collieries Co. at its 
Pennsylvania colliery near Mt. Carmel, 
about 1929, and was used to haul raw coal 
to a storage pile. 

Belt conveyors, in widths from 24 to 
48 in., are used extensively for handling 
refuse. Some carry the refuse directly to 
the disposal point, where it is distributed 
over the bank by stackers; other belts 
elevate the refuse to a hopper and from 
which it is hauled to the disposal point by 


-means of cars or trains. Belts are operated 


on grades up to 16° or slightly more if 
conditions demand, and at speeds up to 
550 fpm. Belt installations are favored 
at operations where a large quantity of 


-refuse must be handled over a long period 
of time, where the refuse must be raised 


to a considerable height to provide disposal 
area, and where obstacles must be cleared 
to reach the disposal site. In designing 
and specifying belt installations, careful 
consideration must be given to the maxi- 
mum size and Gianuty, of material to be 


~ handled. 


Flight conveyors have long been used for 
handling certain kinds of refuse, generally 
for gathering or elevating refuse to a 
pocket for further handling. However, 
at several plants in the Middle Western 
and Southern fields, flight conveyors have 
a major part in the disposal systems. 
(One of these is described later in this 
paper.) In general, the flight conveyors 
are suitable for operating on grades up to 
about 30° and at speeds to about 150 ft 
per min. These steep operating grades 
permit deposition of material in relatively 
inaccessible areas and in high banks where 
space is limited. 

The aerial tramway is not commonly 
used but has the advantage of a long 
suspended span for overhead crossing of 
existing improvements or other obstacles 
and for reaching remote disposal areas. 
(An aerial tramway installation at the 
Huber colliery of the Glen Alden Coal Co. 
is described later in this paper.) 

In some installations, refuse is elevated 
by means of incline cars, which may be 
used to deposit material directly on the 
bank or into hoppers for further handling 
by cars, trains or stackers. 

During the past to years, the use of 
gasoline or diesel-powered trucks, in 
sizes from 5 to 15 cu yd capacity, has 
become increasingly popular for hauling 
refuse. Their advantages are principally 
an extreme flexibility of operation, small 
initial investment, and usual immediate 
availability. In general, trucks are used 
as the principal method of hauling refuse 
at operations where one or more of the 
following conditions exist: a short haul, 
a small amount of material, a relatively 
short life, small or isolated disposal site 
or sites that cannot be reached economically 
by other means, or where the trucks can 
be used part time to handle refuse and the 
remaining time on other hauling. Trucks 
are used generally where part of the refuse 
is hauled to a separate location for building 
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berms for silt-disposal basins or for 
backfilling. 

Some coal companies let contracts for 
hauling their refuse. 


— nah a - 


Present-day application of some of the 
various types of refuse-handling equipment 
is given in the following descriptions of 
operations throughout the four fields. 


TaMaAQgua CoLiieRy, LEHIGH NAVIGATION 
Coat COMPANY 


Refuse at the Tamaqua breaker of the 
Lehigh Navigation Coal Co., in the 
Southern field, at Tamaqua, is handled 
by standard-gauge railroad equipment. 
During 1945, 937,000 net tons of refuse 
were handled by this system at a rate of 
about 250 tons per hour. 

Two trains, each having a 73-ton loco- 
motive, 67-ton tender and two 30-cu yd 
side-dump cars, haul the refuse from the 
pockets at breaker up a 3-pct grade rail- 
road (80-lb rail) to the dump site, which 
is at present a haul of 6800 ft to the end of 
bank. The cars of the train are tilted to a 
dumping position and righted by pistons 
powered by compressed air generated by 
the locomotive. 


Fic 1—REFUSE BANK AT TAMAQUA COLLIERY. 


m3 


=> 


The refuse throughout the two breaker — 
shifts is dumped along the slope or face 
of the bank (Fig 1), which has a length 
of 1500 ft and a height of about 75 ft. 


At the end of the day’s dumping, the 
material that gradually builds up on the 
dumping side of the track is dressed by 
the spreader car, which is pushed by one of 
the refuse locomotives. 

On the front of the spreader car are 
heavy plow blades (Fig 2), which can be 
elevated, and on each side of the car there 
are hinged plow blades that can be elevated 
and swung to the position desired while 
dressing the bank along the track. The 
blades are powered by compressed air 
generated by the locomotive. 

The rail on the dump side of the track 
is held within 7 ft of the top edge of the 
bank, to facilitate the dumping of cars. 
A track shifter (Fig 3) eliminates some of. 
the heavy hand work formerly required in 
shifting and grading track. A section of © 
track is shifted by securing the clamps of 
the shifter car to the tracks, then the heavy 
spud rack is planted between the rails in | 
the desirable position for shifting. A 
mechanism driven by gas motor elevates 


= 
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the shifter car along the spud rack, which 
in turn raises and thrusts the track to the 
_ alignment desired. Each operation of. the 
_ track shifter moves the track about half 


the width of gauge, except on curves, 
_ where this distance is not so great. 

< The location and elevation of the bank 
dictated the use of a back switch on this 
system. Two turnouts are provided, with 
an electric signal system, which reduce 
_ transportation delays. 


GLEN Lyon COLLIERY, SUSQUEHANNA 


COLLIERIES COMPANY 


y 


rN a ee 


Refuse at the Glen Lyon colliery of the 
Susquehanna Collieries Co., in the North- 
ern field, near Nanticoke, is handled by a 
combination of two balanced incline cars 
or gunboats and a motorized train. During 
1945, this system handled an average of 
650 net tons and a high day of r100 net 
tons of refuse in a 7-hr period. 

Breaker refuse and platform rock, after 
crushing, are carried by scraper conveyor 
to a hopper for loading into the gunboat. 
Straight rock is dumped directly into the 
gunboat from the mine car. 

The gunboats are hauled up a double- 
tracked 22° incline, 800 ft long, by a double- 
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Fic 2—SPREADER CAR AT TAMAQUA COLLIERY. 
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drum hoist driven by a 175-hp, 2200-volt 
motor. The gunboats are about 250-cu ft 
capacity and make a trip in approximately 
two minutes. 


Refuse is dumped automatically from 
the gunboats into a hopper for transfer 
into the motorized train. The hopper is 
equipped with an electrically driven gate, 
which is operated by the motorman from 
the cab of the train. 

The train consists of a control car of 
18 cu yd capacity and a 15-cu yd three- 
way dump car (Fig 4). The cars are dumped 
by air. from the control car. The train is 
driven by two t1oo-hp, 250-volt direct- 
current motors mounted on the control 
car. Direct current is furnished by a 
300-kw motor-generator set. The train 
is equipped with dynamic and air braking 
systems. 

It is designed to operate at 10 miles 
per hour on a maximum grade of 8.25 pct. 
The present standard-gauge track, con- 
structed of 5o0-lb rail, is approximately 
2000 ft long, part of which is on an 8.25 pct 
grade. 

A bulldozer is used to spread the refuse 
on the bank, to eliminate excessive moving 
of the track. : 
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St. NICHOLAS BREAKER, PHILADELPHIA 
AND READING COAL AND IRON COMPANY 
The St. Nicholas breaker of The Phila- 

delphia and Reading Coal and Iron Co., 


of 1,398,000 net tons of refuse with a 
maximum of 7118 net tons and an average 
of 6019 net tons of refuse in a 7-hr period. 


Refuse from the primary cones flows 


Fic 4—MOToRIZED TRAIN. 


in the Western Middle field, near Mahanoy 
City, is the preparation plant for coal 
mined in the Shenandoah, Mahanoy City 
and Tamaqua areas. Refuse at this breaker 
is handled by a combination of belt con- 
veyors and trains. The raw coal entering 
the breaker is rough-cleaned at the out- 
lying sources; that is, all large refuse is 
removed and the remaining material is 
crushed to 6-in. size or under. Consequently, 
the refuse can be handled satisfactorily 
on belts without additional crushing. 
During 1945 this system handled a total 


by gravity to the main belt. Other refuse 
is collected, after desanding and dewater- 
ing, on a 42-in. belt conveyor, which dis- 
charges onto the main refuse belt. The 
gathering conveyor is 182 ft long, con- 
structed on a maximum grade of 15°48’. 
The belt is driven by a 4o-hp, 440-volt 
motor and operates at a speed of approxi- 
mately 520 fpm. : 
The original main refuse belt conveys 


_the refuse from the breaker to a 120-ton 


hopper located on the refuse bank. From 
the hopper the refuse is discharged into 
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trains on a track level approximately 126 ft 
above the collecting point at the breaker. 
The dumping space, within an economical 
haul distance, on this original level, is nearly 


exhausted and for this reason a second leg, 
including a 180-ton hopper, was added to 
the conveyor in 1945, to raise the refuse 
approximately 123 ft vertically to a new 
train operating level. At present, part of 
the refuse is handled by the second leg 


and is used to construct a fill at the head 


end of the conveyor for the new level. 
Fig 5 shows a general view of the conveyor 
and Fig 6 shows progress of work on new 
level. 

The main refuse belt is 48 in. wide and 
is operated at a speed of 500 fpm. The 
first leg of the conveyor is 837 ft long 


on a grade of 14°17’; the second leg is. 


442 ft long, on a grade of 16°15’. Each 
is equipped with a 250-hp 2300-volt motor. 

Refuse is hauled from the hopper to the 
disposal point by two trains. The trains 


_were designed for operation on 3 pct con- 


IOI 


tinuous grade, with a maximum capacity 
of 123 cu yd made up of a 32-cu yd capacity 
locomotive, two 38-cu yd two-way side- 
dump cars and a 15-cu yd end-dump car. 


Fic 5—Conveyor At St. NICHOLAS BREAKER. 


Different combinations of cars are used 
to suit varying circumstances. Each train 
is driven by four 105-hp, 250-volt direct- 


Fic 6—PROGRESS OF WORK ON NEW LEVEL OF 
REFUSE BANK, ST. NICHOLAS BREAKER. 


current motors, all mounted on the loco- 
motive, and is equipped with air brakes 
and air dumping mechanism. Direct 
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current for operating the equipment is 
furnished at 250 volts by two 300-kw 
motor-generator sets. 

There is approximately gooo ft of stand- 


: Fic 7—TRAIN IN LOADING POSITION, ST. NICHOLAS BREAKER. 


ard-gauge track, constructed of 100-lb 
rail, on the present operating level of the 
refuse bank. Four dumping points are 
provided at haul distances varying from 
200 to 4400 ft. The front end section of the 
body on the end-dump car when in the 
dumping position is used as a plow for 
spreading material for building and grading 
track. 

The train is shown in loading position 
at 120-ton hopper in Fig 7 and in dumping 
position in Fig 8. 


Oak Hitt CoLirery, PHILADELPHIA AND 
READING COAL AND [RON COMPANY 


At the Oak Hill colliery of The Phila- 
delphia and Reading Coal and Iron Co., 
at Minersville, Pennsylvania, in the 
Southern field, a four-car train was put 
in operation on April 19, 1945, to handle 
refuse, replacing a motorized lorry-car 
system. By use of the train, it will be 
possible to deposit an additional layer of 
refuse at a’ maximum height of 200 ft 
over the old refuse bank. The maximum 
haul of 4000 ft is slightly less than that 
of the old lorry system. From the start 


of operation to Jan. 1, 1946, approximately 
2520 tons of refuse was handled daily by 
the train in 14 hr, with a high day of 3000 
tons. The estimated capacity of the train 


is 3500 tons at a haul distance of 4000 ft, 
and is ample to meet the refuse-handling 
requirements of the colliery. 

Oak Hill breaker prepares the raw coal 
from Oak Hill mine, and the material 
from several outlying sources. Some of the 
outside feeds are raw coal and some rough- 
cleaned coal, the product of primary clean- 
ing plants. The large rock from the raw 
coal is hand-picked and flows by gravity 
to a rock chute. The refuse from the various 
preparation facilities is collected on a 
24-in. scraper conveyor and elevated to 
slate pockets. Straight rock and old timber 
are dumped directly from the mine cars 
into a chute that is outside of the breaker. 
All refuse is loaded directly into the refuse 
train from the chutes (Fig 9). 

' The train consists of a motorized control 
car two motorized trailer cars and an end- 
dump trailer car with water-level capacities 
of 16, 20, 20, and 15 cu yd, respectively. 
The tare weight of the train is approxi- 
mately 71 tons, and the gross weight, fully 
loaded, about 161 tons. The motorized 
cars have two-way side-dump bodies and 
the trailer car a two-way side and end- 
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dump body (Fig 10). The dumping 
mechanism is air operated and the cars 
can be dumped either individually or in a 
group from the control car or individually 
at each car. 


Fic 8—TRAIN 
NICHOLAS REFUSE BANK. 


IN DUMPING POSITION, ST. 
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miles per hour on a ro pct grade. The first 
leg of the track is approximately 1900 ft 
long and contains level-loading and back- 
switching sections and approximately 1350 
ft on 10 pct grade with vertical curve 


Fic 10o—CARS IN DUMPING POSITION, OAK HILL 
REFUSE BANK. 


FiG 9—TRAIN BEING LOADED FROM CHUTE, OAK HILL COLLIERY. 


The train is driven by six 126-hp 600-volt 
direct-current motors, two on the control 
car and two on each of the motorized trailer 
cars. All are operated from the control 


car. Direct current to operate the train 


is furnished by a 750-kw, 600-volt sealed- 
tube ignitron rectifier. The train is equipped 
with dynamic and air braking systems. 

The train is designed to operate at 10 


approaches. The second leg advancing at 
present is about 1300 ft long, virtually 
all on 8 pct grade. A bulldozer is used to 
help spread the refuse on the bank. The 
first leg and back switch are constructed 
of too-lb rail; the second leg of 7o-lb 
rail. . ; 

Fig 11 shows a train climbing the to pe 
section of track, 


s 
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MapPLe Hitt CLeaANeR Prant, Putva- 
DELPHIA AND READING COAL AND 
Iron Company 

At the Maple Hill cleaner plant of The 
Philadelphia and Reading Coal and Iron 


rial from several sources furnishing coal 
for the St. Nicholas breaker. During 1945, 
this operation handled a maximum of 2400 
net tons and an average of 1660 net tons 


of refuse in a 14-hr period. 


Co., in the Western Middle field, near 
Mahanoy City, refuse is handled by a 
combination of belt conveyor and motor- 
ized side-dump refuse cars. This plant 
serves as a primary cleaner for raw mate- 


* 


FIG 12—SIDE-DUMP REFUSE CAR, MAPLE HILL CLEANER PLANT. 


The plus 12-in. refuse in the raw coal 
is removed by hand at picking tables and 
then conveyed to a 36-in. gyratory crusher, 
which breaks the rock into 6-in. or smaller 
sizes. Straight rock is fed directly into the 
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crusher, which is driven by a r50-hp motor. 
The crusher product and hand-picked 
minus 12-in. refuse is transported on a 
48-in. belt conveyor to an 80-ton bin on the 


\ 


Fic 14— GENERAL CONSTRUCTION OF CONVEYOR AT BREAKER END, TREVORTON, 


The crusher and belt installation in this 
instance was adopted to eliminate the 
operation of a refuse train or lorry cars, 
which, on 3 pct grade, would require a 


Fic 15—TROUGHS FOR WASHING REFUSE ONTO BANK, TREVORTON BREAKER, 


refuse bank, from which it is discharged 
into side-dump refuse cars (Fig 12) on a 
track level approximately 162 ft vertically 
above the collecting point at the cleaner 
plant. 

The conveyor is approximately 941 ft 
long, is constructed on an average grade 
of 12°49’, and is driven by a 300-hp, 2300- 
volt motor at a speed of approximately 
550 fpm. 


distance of approximately one mile to 
reach the same elevation. 

Two 20-ton motorized side-dump refuse 
cars haul the refuse from the bin approxi- 
mately 700 ft to the present dumping site. 
Each car is equipped with two s5o-hp, 
250-volt direct-current. motors. The cars 
are designed to operate on grades up to 
3 pet. The track is 44-in. gauge, 60-lb rail, 
and is on a plus 1.4 pct grade. 
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TREVORTON BREAKER, 
COMPANY 


STEVENS COAL 


Refuse at the Trevorton breaker of the 
Stevens Coal Co., in the Western Middle 
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of 344 in. in 12 in. (16°16’); 240 ft on a 
rise of 6 in. in 12 in. (26°34’); and 210 ft 
on a rise of 6 in. in 12 in. (26°34’). Con- 
veyors are driven by 50, 75 and 7s-hp, 
440-volt motors, respectively. 


Fic 16—COoNTINUOUS AERIAL TRAMWAY, HUBER COLLIERY. 


field, at Trevorton, is handled by a com- 
bination of flight and belt conveyors 
(Fig 13). During 1945, more than 1,000,000 
net tons of refuse was handled at a rate 
of about 190 tons per hour. 

The system consists of three legs of 
flight. conveyor and one leg of belt con- 
veyor. Flight conveyors were selected for 
handling refuse because of the limited 
area available for dumping, which made it 
necessary to go to a great height in the 
shortest distance. Since the conveyor was 
put into operation in 1942, the bank has 
reached a vertical height of 215 feet. 

Flights are to by 27 in. spaced on 36-in. 
centers and travel at a speed of 150 fpm. 
The trough is wood lined with cast-iron 
pans; bents are of wood (Figs:14 and 15). 

Conveyor legs are 200 ft long on a rise 


The belt conveyor is 300 ft long and is 
operated in a horizontal position on the 
top of the bank, to spread the material 
over a wider area. The 24-in. belt is driven 
by a 15-hp motor at 450 fpm. 

To obtain a further spread of the mate- 
rial, the belt discharges on sheet iron, on 
whtich, with the aid of a stream of water, 
the refuse is carried a greater lateral dis- 
tance. Approximately 300 gpm of water 
is used for washing the refuse. 


HuBER COLLIERY, GLEN ALDEN COAL 
COMPANY 


At the Huber colliery of The Glen 
Alden Coal Co., in the Northern field at 
Ashley, breaker refuse is handled by an 
aerial tramway system (Fig 16). During 
1945 the tramway handled an average of 
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1rso net tons in a 7-hr period, which is 
close to the capacity of the installation. 
Breaker refuse is conveyed on a belt 
to the tramway loading terminal, where it is 
delivered into a to-ton steel bin. From here 


Fic 17—Conveyor No. 3, MARVINE COLLIERY. 


the refuse flows by gravity to a loading 
hopper of 20 cu ft capacity, mounted on a 
counter-weighted cradle and equipped 
with stops and limit switches for automatic 
operation. From this hopper, the refuse 
is loaded into 20-cu ft cars, mounted 
on a continuous type aerial tramway, 
which transports it to a 1oo-ton capacity 
bin at a transfer terminal a distance of 
approximately 1650 ft. Twenty-seven cars 
are attached to the continuous haul rope, 
which is driven at a speed of 400 fpm by a 
25-hp motor. The load-carrying cables 
are of two pieces, 11¢-in. diameter, special 
construction lock-coil track cable. The 
empty return cables are two _ pieces, 
34-in. diameter, special construction. The 
haul rope is 5¢-in. diameter plow-steel 
hoisting rope. 


The refuse is transferred from the 
1oo-ton bin at the transfer terminal to a 
too-cu ft traverse hopper and from the 
hopper to two V-shaped tramcars of 
too-cu ft capacity, each operating on a 
separate disposal line. Each of the two 
diverging ‘disposal lines is 1750 ft long. 
An intermediate or breakover tower, 
150 ft high, is set in each line at a distance 
of 410 ft from the terminal, leaving a net 
disposal length of 1340 ft on each line 
between break-over tower and tail tower. 
The tail towers are 250 ft high. The tram 
cars are operated at a speed of 900 fpm 
by means of a haul rope, continuous from 
terminal through tail towers, and driven 
by a too-hp motor. The tramcar door is 
opened automatically at a predetermined 
distance from the loading point. The haul 
cable is 34-in. diameter, plow-steel grade. 
The cars travel on two 13¢-in. diameter 
track cables, special lock-coil construction. 


MArVINE COLLIERY, Hupson CoA. 
CoMPANY 


At the Hudson Coal Company’s Marvine 
colliery breaker, at Scranton, in the 
Northern field, breaker refuse is trans- 
ported by means of a series of belt con- 
veyors to the disposal bank. The final 
refuse, which is of nut size and smaller, is 
deposited on the belt of conveyor No. 1 
at the end of the breaker. 

Conveyor No. r is a 30-in. belt conveyor, 
402.0 ft long, traveling at the rate of 
200 fpm, driven by 20-hp motor, snubbed 
drive, and is mostly contained within a 
concrete tunnel that conducts the conveyor 
under the tracks of the New York, Ontario 
and Western R.R. The conveyor is on 
level grade for the first 150 ft and then 
rises on a long-radius, vertical curve for 
224 ft, to a maximum rising grade of 
43g in. in 12 in. at the headhouse, where 
it deposits onto Conveyor No. 2. 

Conveyor No. 2 is a 30-in. belt, 325.0 ft 
long, traveling at the rate of 230 fpm 
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Fic 18—Conveyor No. 4, MARVINE COLLIERY. 


Fic 19 CONVEYOR No. 5, MARVINE COLLIERY. 
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and driven by a 30-hp motor, tandem 
drive. This section of the conveyor is 
constructed overhead on an upgrade of 
35g in. in 12 in. It is contained within a 


bank. The conveyor was moved forward 
by means of a hoist and series of pulleys 
anchored to the go-lb rail track. Since the 
shuttle was placed in operation in 1932, 


Fic 20—SWINGING-BOOM CONVEYOR AT LOREE COLLIERY. 


steel-truss, metal-covered housing, which 
carries the conveyor over Boulevard 
Avenue (a busy highway) to a headhouse 
on the side of the refuse bank, where it 
deposits the refuse on the shuttle conveyor, 
or conveyor No. 3. 

Conveyor No. 3 (Fig 17) is at present a 
fully extended shuttle conveyor. It is a 
30-in belt conveyor, 325.0 ft long, traveling 
at the rate of 260 fpm on a rising grade of 
35€ in. in 12 in. This shuttle conveyor was 
originally 200 ft long and was a completely 
assembled belt conveyor suspended under 
permanent conveyor No. 2. As dumping 
proceeded, and the bank formed in front of 
the conveyor, the shuttle was advanced 
on mine-car wheels, attached to the 
conveyor frame, and these, in turn, were 
supported by a track of go-lb rail on 
4-{t 3-in. gauge laid on the top slope of the 


several intermediate sections have been 
added to extend the dumping facilities. 
These sections are 36 ft long and were con- 
nected to the other sections of the con- 
veyor by a hinged joint. The hinged joints 
allow for uneven settlement of the bank. 
Conveyor No. 4 (Fig 18) is an assembled 
section of another self-contained shuttle 
conveyor (No. 4) that is to be installed 
at the head of conveyor No. 3 at an angle 
of 60° to the present conveyor line. This 
shuttle is a 30-in. belt conveyor, 145.0 ft 
long, and will be driven at the rate of 
300 fpm by a 30-hp motor, snubbed drive. 
The conveyor will be supported and ad- 
vanced on a go-lb rail track rising on a 
grade of 35¢ in. in 12 in. It is designed so 
that complete sections may be added until 
the final maximum length of 285 ft is 
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obtained. Conveyor No. 4 will discharge to 
conveyor No. 5. 

Conveyor No. 5 (Fig 19) is a 30-in. 
swinging-boom belt conveyor, 50.0 ft 


long, capable of swinging through an arc 
of 80° on each side of the centerline, and 


Fic 21—TvYPrE OF TRUCK USED AT HaAzLETON 
SHAFT COLLIERY. 
will be driven at the rate of 300 fpm by a 
714-hp. motor, plain drive. The swinging- 
boom conveyor will be connected to 
conveyor No. 4 by a flexible joint and 
both will be moved forward by a hoist 
installed within the frame of conveyor 
NORA P 

The design capacity of the equipment 
is 200 tons per hour. In 1945 an average of 
165 tons per hour was handled and _ de- 
posited on the refuse bank. 

The shuttle conveyors and swinging- 
boom conveyor are protected from the 
weather by a semicircular housing of 
16-gauge corrugated steel. In cold weather 
heat is carried under the housing by means 
of steam pipes. 

Fig 20 shows a 50-ft swinging-boom 
conveyor in use at The Hudson Coal 
Company’s Loree colliery at Plymouth, 
Pa. The boom operation is typical of what 
will be in place at Marvine colliery at the 
head of the conveyor lines. 


HazLETON SHAFT COLLIERY, LEHIGH 
VALLEY COAL COMPANY 


_ Refuse at the Hazleton shaft colliery 
of the Lehigh Valley Coal Co., in the 


LON aE 


Eastern Middle coal field at Hazleton, is 
hauled by a combination of trucks and a 
locomotive-drawn refuse car. 

Refuse obtained from rough-cleaning 
bank material is hauled a distance of 
goo ft from the cleaning plant to the refuse 


Fic 22—TRUCK AT LOADING CHUTE, HAZLETON 
SHAFT COLLIERY. 


bank by two 15-cu-yd diesel-powered 
end-dump trucks. The two trucks haul 
an average of 120 loads of refuse in a 14-hr 
period. 

Breaker refuse is hauled by four 15-cu-yd 
trucks (Fig 21) from a hopper at the 
breaker up’a 5 pct grade approximately 
2350 ft to the present disposal point. 
Each truck averages 45 trips in a 14-hr 
period. 
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Straight rock dumped from the mine 
cars is by-passed to a rock chute by means 
of a power-operated gate. From the chute, 
the rock is loaded into a 30-cu-yd refuse 
car (Fig 22) and then hauled 2000 ft to 
the rock bank by a 4o-ton standard-gauge 
steam locomotive. 

Before trucks were used for hauling the 
breaker refuse, the system consisted of a 
gunboat on a plane and refuse cars drawn 
by a steam locomotive. The trucking of 
refuse was decided upon to permit the 
reclaiming of a bank on which the other 
facilities were located. 
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Experience with a Training Program 


By J. E. Norton,* MremBrr AIME 
(Chicago Meeting, February 1946) 


PRODUCTION statistics show that during 
the period of emergence from the depres- 
sion the coal industry was becoming 
increasingly cognizant of the economic and 
competitive necessity for mechanizing. 
About 1935 many of its leaders were 
becoming aware also of the alarming 
scarcity of men properly trained to cope 
with the new problems of mechanization. 
In order to get a factual statement of this 
problem, a special AIME Coal Division 
Committee} was requested to survey the 
condition. Its investigation disclosed that 
graduates of mining schools going into 


_coal mining numbered 16 in 1937 and 


I5 in 1938. 

With this as a background,- Pittsburgh 
Coal Co. foresaw that a comprehensive 
program was necessary if it was to enlist 
the services of trained technical men, who 
were an indispensable part of a mechaniza- 
tion program. The purpose of this paper 
is to review the program set up, to comment 
on the successes and failures and to 
outline the future course of action. 


_ SUMMER WORK 


An inescapable conclusion from the 
mechanization statistics was that the 
opportunities in coal mining were good. 
Not only was there a void in technical 
skill to fill from past years, but the ac- 
celerating rate of mechanization indicated 
an increasing demand for technically 
trained men for the future. The remedy 
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lay primarily in presenting facts con- 
cerning the coal industry to the under- 
graduate engineers before they made 
their professional occupational choice. 
Based on this idea, one of the key points 
in the program was summer vacation 
work for the undergraduate, which, through 
the inducement of summer earnings, 
brought men into the mines to take a 
look at the prospects. This was more 
successful than statistics indicate because 
the war scrambled badly the orderly 
working of the program, but it could not 
obscure the value of a summer work 
program. A decided advantage was that 
it gave the company a preview of the 
graduate. An observation on this part 
of the program is that it is extremely hard 
to gauge lower classmen, and we found 
it wise to give them the benefit of the 
doubt, as the last two years in college 
bring about surprisingly rapid develop- 
ment in some men. We could readily 
single out the men at the opposite ends 
of the scale of competence. 


COMPREHENSIVE TRAINING PROGRAM 


Having adopted summer work as a 
means of interesting undergraduates, the 


TABLE 1.—Training Schedule 


LocaTION WEEKS 

Introductions... sc see +4 GR tn sioaeits cence cee I 
Underground mining operations............... 27 
Goall preparation sate 1ce Norton cierstile sysop aratds axel « 24 
Inspection—safety, mech., prep...........+.-+ 31 
Mine engineering and survey sera teste storere ete yenet atone 16 
ndtstriall relation secre cccizisiteleasyecchets einer Tore ieee 12 
Operating staff—costs, time study............. 8 
Miscellaneous: itis) < eyes ie 00) 0) 06 esleneustelesreie.a8 eis 
MTG tical ire curetece ral Rent te tone i seats elie bata ts, «i onecets yO pounce sere 120 


problem of attracting graduates was met 
by establishing a training program that 
covered approximately 120 weeks and 


II4 


put the men into all the main parts of the 
Production Division. Table 1 gives an 
outline of the schedule. 

The first step in the program, whether 
for graduate or undergraduate, was a 
trip to all our mines, plants, shop and 
staff departments to get acquainted. 
The second step was always underground 
mining. Here the men worked on track, 
timbering, supplies handling, on a face 


crew, and other operations. This ex- 
TABLE 2.—Number of Technical Men 
Employed* 
Undergraduates 

Year (Gunmen work) Graduates 

1938 I I 

1939 12 10 

1940 33 13 

1941 34 12 

1942 22 5 

1943 4 6 

1944 I I 

1945 

Total 107 48 


4 Thirteen of the Summer Work Undergraduates 
joined the company on graduation. 29 of them spent 
more than one summer, so the net total number of 
different men was 113. 


TABLE 3.—Schools and Number of Men 

SCHOOL NUMBER OF MEN 

Pennsylvania State College................ ae i | 

ibittaburgh.t deveids tle s.e pee 

Colorado Seboen of Mines 

Ohio State. . 

Lafayette. . 

Missouri School of Mine 


Washington. . 
Pennsylvania. 
Grove City 

Lincoln Universe, 


8 

8 

5 

ie 4 

tices Pasa Kes tout hae we 2 
I 

I 

I 

I 

I 

I 

I 

Marshall I 


Status 


TABLE 4.—Present 
Employed 


PRESENT STATUS 
Armed Services. . . 


of Graduates 


NUMBER OF MEN 


RESIGN ALIONA peices ntasstaeiesisin sol ahe.sniy Dake mere 13 
RITA VER oer. Mesa eee REe race cees heb cen Grae I 
MATIC GUDET VISION. eater a sali etres ds tcc o cas authori 2 
Operating staff—costs, time study.............. 10 
POGITCCrENIT wat somite Fast iwi ls. ©, sda eee oe 2 
BUSMALA TONE Grn tele hace Ree © lead Lee 4 
MATTE AMC, lal cate ie Abhie ice reeratntne tate I 
kuspection (safety)0 tos ach ores bs (de erate I 
Général aigide labor, < sakes, «aii Says 2 

SROLBL aiteaase ave schiraytel yada UIE. 0.07% piece hcareneete 48 
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perience is basic, of course, and for many 
will be their only intimate first-hand 
experience of working as one of a crew of 
men on a job. The remainder of the 
schedule was followed in general; the 
duration and sequence varied somewhat 
but seldom did the men fail to put in 
approximately the prescribed time in each 
department. 

The Industrial Relations Departmen 
was charged with the responsibility for 
scheduling the men through the various 
operations and departments as well as for 
following their personal progress. It con- 
sulted frequently with them and encouraged 
them to express their ideas frankly. 

Tables 2, 3 and 4 show the number of 
men in the program, the different schools 
represented and the present status of 
graduates employed. 


CONCLUSIONS 


As Table 2 shows, we have had ex- 
113. undergraduate and 
graduate engineers and we are prepared 
to inventory our program. Because of the 
gap in mining engineering matriculants 


due to the war, and the uncertainty of © 


those who are still in the armed forces, 
our future plans are unsettled in respect 
to some details, but it is possible to 
examine their broad outlines in the light 
of our past experience. 

In the first place, we are satisfied 
that the industry needs technically trained 
men, and we must continue to offer them 
inducements to attract them; in other 
words, we will have to compete for our 
share of the men. We believe both summer 
work and an established training program 
are inducements, and we plan to follow 
the same general training program but 
expect it to differ somewhat in details 
from the past for reasons subsequently 
given. 

A formal planned training program 
not only serves to attract a man; it orients 


him in his industry and educates him in 
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the most practical way possible by in- 
troducing him to all the different phases 
of the business. Since, in the nature of 
things, he gravitates toward specialized 
work—maintenance, operations, engineer- 
ing, preparation—he will never have an 
opportunity to see all the other phases 
unless we consciously and deliberately 
route him through them. A further reason 
is that since he has been introduced to 
all the main parts of the business, the 
likelihood is increased that he will enter 
the specialization phase in a type of work 
congenial to his temperament and ability. 

Our program scheduled wage increases 
every 6 months for 2 years—provided, 
of course, the man continued to show 
promise. If he did not, he was either 
dropped or told he was on trial and the 
reasons explained to him. This wage 
policy, we believe, is a proper one. A 
schedule of wage increases tended to 
bring his earnings up faster than other 
employees and we often encountered the 


condition where an inexperienced graduate © 


got more pay on a job than an experienced 
incumbent, but this problem has to be 
met according to the circumstances, 
because, after all, there are few induce- 
ments as compelling as wages, and we 
have to meet the competition for men 
from other industries. 


DIFFICULTIES ENCOUNTERED 


The operation of a training program 


in itself tends to establish in the graduate’s 


mind a realization that he is not lost 
in the shuffle but close observation and 
attention are desirable both from the 
point of assuring the man we are inter- 
ested in him and of enabling the company 
to follow his progress. But it is on this 
part of our program that we have en- 
countered some of our most exasperating 


problems. Some are inevitable, some were. 


caused by our inexperience, and some 
we attribute at least in part to the col- 
leges and universities. A discussion of 
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some of. the difficulties from each class 
follows. The discussion is necessarily 
generalized and does not fit all cases. 

Practical necessity puts a time limita- 
tion on any training course. A better 
nomenclature would be “induction course,” 
since a two-year period involving exper- 
ience in six or eight major branches can 
be little. more than introductory. There 
was a disposition on the part of some 
of our men to feel they knew a branch 
when they had merely observed its work- 
ings, and they became impatient to move 
along to the next branch. Consequently, 
they failed to appreciate the opportunity 
that was being presented to them. Since 
the age bracket of these men is 22 to 
26 years, this may be tantamount to a 
criticism of their youth. 

Another difficulty inherent in our pro- 
gram was the need for moving periodically. 
This is often genuinely a disturbing 
influence in their personal life. There 
is a succession of housing, boarding and 
transportation difficulties as well as recur- 
ring readjustments in their social life, 
and in the case of those either contemplat- 
ing or embracing a marital status, the 
personal inconvenience is serious. 


Conditioning Men for Responsibility 

As might be expected, the inauguration 
of a large-scale program coupled with 
our lack of first-hand experience led us 
into a few troubles. At least one of these 
was quite serious but is nevertheless 
rectifiable. It was our failure to assign 
direct job responsibilities to the men 
during the training period. Naturally 
our permanent personnel felt their every- 
day work had to come first, and the 
education of the transitory apprentice 
was often viewed as a gratuitous chore. 
Inasmuch as the key personnel in a 
department were the ones who had the 
knowledge we wished the trainee to 
acquire, it was often a heavy drain on the 
time and energies of our best men and to 
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some degree diverted them from their 
duties. The facile solutions, and ones 
we unwittingly followed too often, were 
either to treat the learner as an observer 
without assigned tasks or responsibilities 
or else to assign him to routine work that 
required a modicum of instruction and 
attention from the mentor. There is 
no simple remedy for this trouble. It 
requires a definite scheme of training 
that assigns jobs and the responsibility 
for their completion within each depart- 
ment, and we were remiss in failing to 
set up an intradepartment plan with the 
same care we used in setting up our overall 
program. Our program suffered somewhat 
because too few men are good instructors 
and some coaching along this line seems 
called for in the future. 

A slightly different aspect of this was 
our failure to condition the men to accept 
responsibility. The Industrial Relations 
Department scheduled the various moves 
for the men and had frequent consulta- 
tions with them. The men knew their 
activities were controlled out of that 
department and came to feel that they 
were responsible almost solely to it. 
This feeling, coupled with the failure to 
assign work to them that was of real con- 
sequence, brought about something of a 
floater complex. It is pertinent to observe 
here that the trainees were aware of this 
and it was frequently a subject of dis- 
cussion among themselves as well as 
with us. 

One way to meet this difficulty would 
be to assign a man to one mine or operation 
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and to use that as a pivotal point instead | 


of the Industrial Relations Department. 
For example, a trainee, after completing 
his underground service, would do cost 
work for the superintendent for a period, 
then go into the Engineering Department 
ment with an assigned task but would be 
held over for a period sufficient to cover 
a prescribed course. This would be re- 
peated in the Maintenance Department, 


Preparation, and so on, but he would 
always go back to the mine for a period to 
maintain a psychological association with 
a fixed place. It should not be assumed 
that this plan would cause him to forego 
any part of the training schedule. The 
Industrial Relations Department would 


.plan the moves, have consultations and 


keep close check as at present, but the 
trainee would be administratively respon- 
sible to a line official rather than to the 
Industrial Relations Department. 

There are difficulties of another sort 
for which the responsibility rests jointly 
with ourselves and the colleges and uni- 
versities. These stem from the failure 
to condition the men mentally for the 
long, hard grind they face before reaching 
a position of responsibility. The com- 
petition for the services of graduates 
has distorted their perspective. Regardless 
of his competency, probably it will be 
at least five years before a graduate 
fills a job carrying true responsibility or 
where his managerial or engineering 
talents are given any free rein. Our men 
seem to expect to attain an industrial 
status commensurate with their four- 
year college degree after two years in 
industry. From our point of view, only 
their induction is completed at this 
stage and there is another three to five 
years of application ahead before their 
learning has had enough tempering by 
experience to form judgment. Between 
us, we must condition them to the cold, 
hard fact that, while the prospects in 
coal mining are excellent, they face a 
trial period, involving both time and hard 
work, 

In what has been said heretofore there 
has been undue emphasis on our troubles 
because we are trying to think our way 
out of them. The next few years will pay 
dividends on our efforts, as we can see 
already in some of the boys the benefits 
of our investment in training. 
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COLLEGE AND UNIVERSITY TRAINING 


Before discussing the training received 
by the men in colleges and universities 
before they come to us, we refer back to 
the second paragraph on page 1, in which 
the services of technically trained men 
are called an “indispensable accessory 
to a mechanization program.”’ This is and 
will continue to be true. Our purpose in 
bringing attention to this statement is to 
make certain that it ‘is not lost sight of 
despite the meanderings into other fields. 

A good starting point for this discussion 
is an analysis of our requirements for 
men as evidenced by the kinds of jobs 
we have and the educational background 
that would be most helpful. Table 4, 
showing the present status of our younger 
men, is of some interest, but it covers 
too short and too hectic a span of years 
to be conclusive. 

In order to make something of a factual 
approach to our requirements for men, 
an annual salary of approximately $4000 
was arbitrarily selected, and all jobs in 
the Production Division paying that 
amount or more were classified into four 
groups. More than 200 jobs were in- 
cluded. First the Engineering Group 
occupations were picked out, and then 
the remainder were sorted into the other 
three groups. A definition of the various 
groups is: 

1. Engineering. Includes jobs requiring 
a high degree of specialized technical 
knowledge. Examples: Chief Engineer, 
Preparation, Mining Engineer, Mainte- 
nance Engineer. 

2. Supervisory. Includes supervisory and 
managerial skill. Examples: Production 


Manager, Purchasing Agent, Mine Super-_ 


visor. 

3. Advisory Staff. Includes nonsuper- 
visory, monengineering experience. Ex- 
amples: Safety Inspector, Mine Inspector. 

4. Practical Experience. Includes jobs 
capable of being filled by nontechnical 
experienced men; some are supervisory. 


= 


Examples: Master Mechanic, Mechanical 
Inspector. 

Table 5 shows the results of such a 
classification. Note that there is a reason- 
able correlation with Table 4, despite 
the limited experience represented in the 
latter. 


TABLE 5.—Classification of Occupations 
Paying Approximately $4000 or More per 


Year 

OccUPATIONAL GROUP, PERCENTAGE 
PRODUCTION DiIviIsION or TOTAL 
EM TIOHUGELITA Von tia iy ees cise core stern hee ae noe 9 
2 SUDOBVISOLY st narinta s cated tete ne CIO Minton teate 79 
Sreadyispry Stall roc sale ei cen tislacoe sieee ones 4 
4. Practical Experience’, esse sek aeons eine ace 8 

MD OLAL tiertn vera shs acters tert ars or hae rsrape rayet Ales ote 100 


The last two classes in Table 5 are 
occupations that can be satisfactorily 
filled by intelligent men with the proper 
experience and aptitude, and do not 
require formal education beyond the 
high school level, so are not particularly 
relevant to this discussion. The other 
two groups are. Note that there are eight 
or nine:supervisory jobs for each engineer- 
ing job. This is certainly an expression 
of the ratio of opportunities between 
the two classes of occupations, although 
it may leave unanswered other very 
pertinent questions, such as how many 
men are in the supervisory group because 
they have good technical background. 

There can be no doubt whatsoever 
of our, need for a high level of technical 
competency in the engineering group 
and it is a rare situation indeed when any 
company finds itself with an engineering 
department that is well balanced in all 
the necessary branches. Likewise, there 
can be no doubt that there will continue 
to be a strong demand for this class of 
graduates from the colleges. 


REQUIREMENTS FOR SUPERVISORY WorK 


Turning to the numerically predominant 
Supervisory Group, it is proper to ask 
the requirements for these jobs. What 
degree of technical training is necessary? 
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What degree of social skill is necessary? 
What degree of managerial skill? Granted 
there will not be the same answer in every 
case, some sound generalizations are 
possible. One certainly is that we need 
all three. 

With the important exception of those 
in the Engineering Group, practically 
all of our technical graduates receive 
more specialized engineering training than 
they will ever be called on to use, and, 
since our experience records indicate that 
the opportunities are in the Supervisory 
Group, good men naturally gravitate to- 
ward the opportunities. In supervisory 
work, a sound technical background is 
extremely helpful and we cannot do 
without enough good engineering talent 
scattered among our Supervision Group 
to solve certain kinds of on-the-job prob- 
‘lems that are truly in the engineer’s 
province. 

On the other hand, we are becoming 
increasingly apprehensive of our lack 
of social skill, which we can define roughly 
in this connection as the ability of the 
supervisory arm of management to enlist 
the willing cooperation of our working 
force. With no intention of disparaging 
the use or discounting the value of time 
study and wage-incentive plans, which 
put job performance and earnings into 
the empirical, hence the engineering 
sphere, some recent studies, of which the 
one at the Hawthorne plant of Western 
Electric,* conducted by Harvard. Uni- 
versity, is a good example, are bringing 
individual and group psychology factors 
to light that may have more significance 
to industry than Taylor’s studies. Some 
of our liberal industrial leaders are con- 
vinced that the next important step in the 
attainment of better levels of production 
will come as a result of a better under- 
standing and application of the social 


*F, J. Roethlisberger and W. J. Dickson: 
Management and the Worker, Harvard Univ. 
Press, 1939. 


EXPERIENCE WITH A TRAINING PROGRAM 


and psychological factors that motivate 
the working force and cause them to 
cooperate spontaneously as members of a 
production team. 

The New Deal gave impetus to the 
unionization of labor, and union leadership 
unfortunately has striven to establish 
in the minds of its membership that 
management is their natural enemy and 
the union is their friend and protector. 
The strong mutuality of interest has been 
played down, and, although there are 
always more points of reciprocal interest 
than of conflict, management must find 
the means for sympathetic communication 
of such identical interests. Elton Mayo, 
Professor of Industrial Research at Har- 
vard University, in “‘The Social Problems 
of an Industrial Civilization,” says, “If 
our social skills had advanced step by step 
with our technical skills, there would 
not have been another European war.” 
Some pessimistic thinkers are fearful 
lest the lag between social and technical 
progress become so great that revolution 
instead of evolution will result. 

The case for managerial skill—the 
art of manipulating the available tools 
and forces to yield a result—is too obvious 
to need much elaboration. The need for 
attaining low costs to survive competition 
and for profits to satisfy the owner is 
fundamental in a free-enterprise economy, 
and some basic grounding in such economic 
facts of life is indispensable. 


Engineering and Nonengincering Types 

We have indicated above that the 
majority of our opportunities are in the 
Supervisory Group, and that the talents 
required are engineering, social and man- 
agerial in whatever varying proportions. 
Since our training program has been 
almost exclusively for mining-school men, 
we come to the question: Do these men 
have the balanced background we require? 
An observation not susceptible to formal 
proof but strong enough to be a conviction 
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is that many men, by virtue of their 
personality—used in the broadest sense 
to cover aptitudes, leadership, intelligence, 
academic competence, introversion-extro- 
version factors, and so on—tend to 
classify into engineering and nonengineer- 
ing types. 

Could not faculty members make a 
reasonably good forecast, say at the end 
of two years, of those who would, make 
good engineers and those who would not? 
The good engincering prospect would be 
encouraged to continue in engineering 
work to graduation and perhaps to 
graduate work. The other group, already 
grounded in fundamentals of mathe- 
matics, physics, chemistry, geology, and 
so on, would continue only such engineering 
courses as are generally helpful. The 
remainder of their courses would be those 
that would be helpful to them as prospec- 
tive supervisors. For example, in the 
social science field, they would~ study 
individual and behavior psychology, to 
learn why we behave like human beings. 
They would take sociology to enable 
them to understand better the origins and 
organization of our society and the study 
of masses of people. They would get more 
history—American, English and labor— 
from which to obtain an understanding 
of our traditions and economics; and 
accounting, to get the feel of our system. 

In ‘Human Leadership in Industry,” 


_ Sam A. Lewisohn* expresses his thoughts 


on this subject: 


The question is: what preparation have they 
had to act as such a buffer? A background 
limited to physics, chemistry, mathematics, 
mechanics, and other specific sciences does 
not equip a man to act as a “‘buffer between 
labor and capital.”” Some engineer executives 
who are absorbed and effective in the technical 


* Harper and Brothers, 1945. 
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problems of management neglect those which 
may be termed the “‘political”’ aspects. 

It is especially significant that managers 
are so largely products of the technical schools 
and that foremen too are now being recruited 
from this source. For if engineers are so fre- 
quently nominated to management, not only 
the technical problems but also the manage- 
ment of the human relations at the various 
plants are in their hands. It is futile to attempt 
to make progress in problems of human rela- 
tions without their cooperation. 

It is a question of creating among managers 
new patterns of social behavior and approach. 
Aside from reaping the advantage of profits 
which spring from good management, em- 
ployers should boast of having secured the 
good will of their workers as they do of their 
other successes. 

Prof. Elton Mayo’s conclusions are 
much the same, although arrived at 
from an entirely different approach. 
Our present day society has failed to give 
the worker security such as he had in 
the less dynamic industrial life of a few 
decades ago. The Hawthorne experiments 
of Mayo’s associates found that increased 
group performance followed attention— 
the individual members of the group 
became a team and produced better, 
simply because interest was being shown 
in them. Once the feeling of “being on a 
team” was engendered, their stability 
and security seemed to be restored to 
them and a spontaneous and frecly offered 
increase in productivity followed. This 
is not an isolated laboratory phenomenon, 
since we have all seen what happens 
when any gang pitches in whole-heartedly 
to do a job. Mr. Lewisohn points out 
it is the responsibility of new leadership 
to understand and apply the principles. 
We feel that a more balanced technical, 
social and economic education is the 
next and necessary step in that direction. 


The Use of Smoke Apparatus in Practical Mine Ventilation Work 


By A. T. Becxwirn,* MemBer AIME 
(New York Meeting, March 1947) 


THIS paper concerns measurements of 
low-velocity air currents and investigations 
on mine ventilation by means of chemical 
smoke. The chemical smoke used is pro- 
duced without flame and at ordinary mine 
temperatures, and therefore presents no 
ignition hazard in gaseous mines. 

Mining men who have worked in open- 
light mines are familiar with the use of 
tobacco smoke in determining the direction 
of air travel and approximately measuring 
low-velocity air currents. The use of 
chemical smoke is merely a refinement on 
the use of tobacco smoke and the flameless 
low-temperature source of chemical smoke 
has the additional advantage that it 
can be used in gaseous mines. 

Ventilation smoke apparatus, Fig 1, 
is a simple device for producing dense 
white smoke. The apparatus as shown 
consists of a rubber aspirator bulb which 
is used to force air through a glass ‘‘smoke 
tube” containing a chemical . substance 
that produces a dense white smoke on 
contact with air. The apparatus was 
developed by engineers of the U. S. 
Bureau of Mines.! It is inexpensive, 
weighs less than 3 oz, is easily carried 
in a pocket, and requires no skill to operate. 

Smoke apparatus is invaluable in 
practical mine ventilation work for: (1) 
measuring low-velocity air currents, (2) 
detecting air leakage, (3) observing air- 
flow characteristics. 


Manuscript received at the office of the 
Institute February 15, 1947. e854 as TP 2206 
in CoaL TECHNOLOGY, May 19 

* Special Engineer, Lehigh Nerieteee Coal 
Co. Inc., Lansford, Pennsylvania. 

1 References are at the end of the paper, 


This paper is written to show the merits 
of the-apparatus, and is based upon find- 
ings through its extensive use, during the 
past six years, in mines operated by the 
Lehigh Navigation Coal Co: Inc. 


Tue APPARATUS 


Certain chemicals, such as_ stannic 
chloride (SnCl,) and pyrosulphuric acid 
(H:S.07) produce ‘‘white smoke” when 
exposed to air. Stannic chloride gives off 
vapors which on contact with moist air 
cause the formation of solid hydrates, 
of which SnCly5H,O is the most im- 
portant. Pyrosulphuric acid decomposes 
when exposed to air with the evolution 
of sulphur trioxide (SO;) fumes, which 
become white upon contacting moisture 
in the air. 

A chemical, such as one of the above, 
is the active substance in a smoke tube. 
The glass tubes are hermetically sealed 
during manufacture, and are made ready 
for use by merely breaking off the tips 
at the conveniently located file cuts. 
When the smoke tube is connected to the 
aspirator, depressing the aspirator bulb 
forces air into contact with the chemical, 
and smoke discharges from the open end 
of the tube. 

A white solid (a hydrate if stannic 
chloride is used, or sulphur trioxide if 
pyrosulphuric acid is used) may occa- 
sionally form a cake in the outlet opening 
of a smoke tube. A small wire such as an 
ordinary paper clip can be conveniently 
employed to dislodge the cake should it 
seal the tube. 

When the assembled apparatus is not 
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in actual use, a rubber cap, such as a 
detachable pencil eraser, should be placed 
over the exposed end of the smoke tube. 
This will prevent unnecessary loss of the 


E27 


the cross-sectional area, as fore an ane- 
mometer reading. 

One man, with smoke apparatus, sta- 
tions himself along the rib opposite the 


ie _ Inlet Valve 


Aspirator lb 


FIG I—SMOKE APPARATUS. (Courtesy Mine Safety Appliances Company.) 


chemical, reduce the tendency for a solid 
to form and cake up the tube, and protect 
the clothing from the corrosive action of 
the chemical, when the apparatus is 
being carried in a pocket. 

Each smoke tube will last for at least 
a full shift. A partially expended tube 
may be preserved for later use by detaching 
it from the rubber hose and bulb, and 
covering each end with a rubber cap. 


MEASURING AIR FLOW 


Ordinary vane-type anemometers are 
suitable for measuring air velocities from 
100 to 3000 fpm. A convenient, rapid and 
satisfactory method for measuring ven- 
tilating currents moving at speeds of too 
fpm or less is by use of smoke apparatus. 


- Where the air is flowing in a relatively 


smooth manner, smoke readings can be 
made to determine average velocities as 
low as 1o fpm, but for lower velocities 
than this, because of diffusion of the 
smoke, readings are seldom obtainable. 
The following procedure is advocated 
for measuring air velocity with a smoke 
tube. Select the measuring station along 


-a straight, uniform section of the air 


course, away from splits and bends. Place 
vertical chalk lines on the ribs, 15 ft apart, 
to mark the start and end points for 
timing the travel of smoke. Then measure 


starting Jine while the other takes a position 
downstream, along the rib, opposite the 
end line. At a given signal, the former 
quickly depresses the aspirator bulb so 
as to eject a ball-like cloud of white smoke 
into the fastest moving part of the air 
current. The smoke is ejected opposite 
the starting line and at right angles to 
the direction of the air current. The end 
observer notes on the second hand of a 
watch the time when the smoke cloud 
is generated, and again when the center 
portion of the smoke passes the finish line 
(Fig 2). The average velocity is found by 
referring to Table tr. 

The simplicity of the method is further 
illustrated in Fig 3, using an air course 
8 by 12 ft, having 96 sq ft cross-sectional 
area. If a smoke cloud travels 15 ft along 
this air course in 10 sec, the corresponding 
average velocity (Table 1) is 72 fpm, and 
the volume 7000 cfm. 

The distance of 15 ft for timing the 
travel of smoke has been found very satis- 
factory, since it is short enough so that 
the smoke remains as an integrated cloud. 
Over much longer distances, the smoke 
becomes so diffused that the center of the 
mass cannot readily be distinguished as it 
passes the end line. 

The smoke cloud is injected in the 
fastest moving part of the air current. 
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The geometric center of an airway section 
does not always contain the highest 
velocity, as the relative temperatures of 
air and rock, relative smoothness of the 


Fic 2—MEASURING AIR FLOW. 


different wall surfaces, and other such 
factors influence velocity. A few trial 
puffs of smoke in a section, however, 
will show where the velocity is greatest, 
and by causing the smoke:cloud to travel 
here, and taking the average velocity 
throughout the section as 0.8 of the maxi- 
mum (Table 1) excellent results 
obtained. 

Fig 4 shows several typical measur- 


are 


ing stations, with the quantities of air 


passing as separately determined by 
smoke and anemometer. Only in the 
portions shown shaded were the air 


velocities great enough to turn the blades 
of the anemometer. 

The figure, as shown by a, indicates 
that a considerable volume of air— 
enough to provide the normal requirement 
for several parties of miners—may be 
_ flowing through an air course, and yet 
cannot be detected with the anemometer. 

In contrast with a, 6 shows air flowing 
at the same average overall velocity 


as ina, but, in case 6 the velocity dis- 
tribution was such that the anemometer 
turned throughout most of the section 
and provided a satisfactory air measure- 
ment: A similar example is furnished by 
Fig e and f. Although the average overall 
velocity in e is less than in f, there were 
practically no so-called “‘dead areas” for 
the anemometer in the former, and an 
accurate measurement could be made, 
whereas in f a true measurement was 
obtained only with smoke apparatus. 

In Fig c, d, f, the anemometer wheel 
remained stationary in the unshaded 
portions of the air-course sections, and 
as would be expected, the traverses have 
provided measurements that appear to 
err according to the relative extensiveness 
of the unshaded to the shaded areas. 

In calculating air quantities, some 
observers use anemometer velocities as 
recorded on the instrument, without 
applying the correction from the calibra- 
tion curve furnished with the instrument.* 
Quantities which would be derived through 
using the uncorrected anemometer readings 


are included in Fig 4 to show the large 


errors that. result when following this 
procedure in measuring low-velocity air 
currents. 

For the purpose of obtaining up-to-date 
information for the ventilation maps, 
ventilation surveys were made recently 
in local mines. Air quantities were deter- 
mined at several hundred different places 
along all main and tributary intake and 
return air courses. More than 30 pct 
of all measurements were made with 


*Tf a calibration curve is not available for 
an anemometer, such a curve can easily be 
constructed by plotting the anemometer read- 
ings versus actual velocities. A sufficient num- 
ber of actual velocities for establishing the 
trend of the curve, which will be a straight 
line, can be determined by walking over a 
measured distance in still air with the ane- 
mometer held at arm's length, and observing 
the walking time for different speeds, varying 
from that at which the anemometer will just 
turn up to the most rapid speed at which a 
man can walk. 
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smoke. That the use of smoke apparatus 
was necessary, in order to obtain so many 
of the readings, will be better understood 
when it is realized that standard methods 


7O TRAVEL /5'/N € A/RWAY 
VELOC/TY OF SMOKE 
FEET PER MINUTE 
8 VELOCITY SMOKE 


SECONDS FOR SMOKE 
AVERAGE VELOCITY OF A/R = 


TABLE I—CONVERSION TABLE. 


of working local coal deposits require 
extensive splitting and subsplitting of 
the main air currents. Resultant velocities 
in the subsplits normally are not high. 

No attempt was made on this project 
to trace the air distribution all the way 
into each working face. When it is desired 
to so trace the air, smoke measurements 
are used almost exclusively for this part 
of the work, because volumes encountered 
are relatively small. The common practice 
is to place each four parties of miners 
(four faces, with two miners at each face) 
on a separate split of air.? 

Anemometer measurements are com- 
monly made in local mines with a 2-min. 
continuous traverse, and with the instru- 
ment held in the hand. Near the middle 
of the traverse, with the anemometer 


- overhead, the body is pivoted 180°, and 
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a step is then taken backward toward the 
starting rib, without interrupting the 
traverse pattern. This permits the operator 
to cover all parts of the measuring section 


/2 
o 


GL FULL AREA 
Zz. AVERAGE VELOC/TY 


F1iG 3—SAMPLE CALCULATION. 


with the instrument, and the traverse is 
completed with the anemometer, rather 
than the body, close along the second 
rib (Fig 5). 

The instrument correction is applied 
to each reading. For computations, the 
full area at all measuring stations, except 
those on -a steep incline, is reduced by 
4 sq ft to compensate for the space occupied 
by the man making the traverse. 

By exercising care with the method 
described, results may be obtained that 
approach those of the multisectional 
method of measuring air flow. 

When making an anemometer measure- 
ment in a steeply inclined opening, a 
man has difficulty in maintaining his 
balance and footing. Frequently the 
procedure he uses in measuring is governed 
more by what body movements he can 
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FULL AREA 
AVERAGE OVERALL VELOCITY 


SMOKE, C.F. 17. 
ANEMOMETER-UNCORRECTED Qo 


COMM, 
4000 


ANEMOMETER-COR RECTED a) 


FULL AREA 3/ SQ.FT. 


SMOKE, C.F MM. 4000 


ANEMOMETER-UNCORRECTED /000 
ANEMOMETER-CORRECTED 2000 


FULL AREA I7 SOFT 


AVERAGE OVERALL VELOCITY = GO'fotine 
SMOKE, C.F: 4. S000 
ANMNEMOMETER- UNCORRECTED 4000 


ANEMOMETER- COR RECTEO S000 


G650FT | FULL AREA 


ae A GO 


AISOST 
AVERAGE OVERALL VELOCITY GO fan 
SMOKE, C.F /4. 3000 
ANE/MMO/TETER -UNCORRLCIED Z000 


ANEMOMETER-CORRECTED 3000 


FULL AREA 


SMOKE, CFM. 7500 


ANEMOMETER-UNCORRECTED 4/500 


ANEMOMETER- CORRECTED 4000 


FULL AREA G7 SQFT 


S00fmm«N. 
9500 


AVERAGE OVERALL VELOCITY 


SMOKE, C.F. 
ANEMOMETER- UNCORRECTED 


6500 


ANEMOMETER-CORRECTED 8500 


Fic 4—TYPICAL STATIONS WHERE LOW-VELOCITY AIR CURRENTS WERE MEASURED. 
Both the smoke method and the anemometer were used. Only in the shaded portions were 


velocities great enough to turn the anemometer wheel. 
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make without falling, rather than what 
he would desire to do from a technical 
standpoint. He must use his judgment, 
in each case, in deciding how much should 
be deducted from the full cross-sectional 
area of the measuring station, for the 
space occupied by his body. 

When the required data can be ob- 
tained elsewhere, it appears best to avoid 
making anemometer measurements in 
steeply inclined openings. The flow through 
many inclined openings can be suitably 
ascertained by measuring the air flowing 
in the level air course, on each side of 
the chute or raise connection, and using 
the difference in quantities determined, 
as the amount flowing through the inclined 
opening. 

When a reading is to be obtained in a 
regulator opening, a 1-min. traverse is 
used. The corrected velocity is then 
multiplied by an area, which may be 
0.5 sq ft less than that of the opening, 
the reduction here compensating for space 
taken up by the operator’s arm. A second 
method, which produces like results, is 
that of holding the anemometer in the 
center of the regulator opening, and'com- 
puting the average overall velocity at 
85 pct of the corrected center-point 
reading. 

Quantitative determinations by both 
smoke and anemometer have consistently 
provided results that balance with a 
deviation of but 5 pct. As an example of 
what is meant here, let us assume a 
condition of split flow with air currents 1 
and 2 joining to form current 3. The 
quantity of air in current 3, as measured 
by an anemometer, can be expected to 
equal, within 5 pct, the sum of currents 1 
and 2, as independently and appropriately 
determined, regardless of whether both of 
these were made with smoke, both with 
an anemometer, or one by smoke and the 
other by anemometer. 

Quantities are always permanently re- 
corded in numbers rounded to the nearest 
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Fic 5—POosITIONS OF OPERATOR IN USING 
ANEMOMETER. 

Near the middle of the traverse, with the 
anemometer overhead, the body is pivoted 
180° and a step is taken backward toward the 
starting rib without interrupting the traverse - 
pattern. This permits the operator to cover all 
parts of the measuring station, and the traverse 
is completed with the anemometer rather than 
the body close along the second rib. 


soo cfm for values under 20,000 and to 
the nearest tooo cfm for values over 
20,000, because greater accuracy than 
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this is not justified by the attainable 
accuracy of the measured data (height, 
width, and velocity). 


LEAKAGE DETECTION 


What percentage of the air that passes 
through the main fan should reach the 


Fic 6—MAKING A TEST FOR AIR LEAKAGE AT 
A DOOR. 


working faces? In view of the differences 
in the character of mines, a standard 
indicating poor performance at one, might 
reflect reasonably good performance at 
another. Although no definite percentage 
is known to be established for mines in 
general, data have been released in the 
past showing that where ventilation . 
practices were lax an almost unbelievingly 
small percentage of the air handled by 
the fan reached the working faces. Fre- 
quent mention is made in the technical 
literature of the inefficiency and high 
cost of air being short-circuited, and it is 
well for us to keep this matter in mind, 
because only with much patience and care 
is it possible to conduct air through the 
‘mines, and to the faces, without losing 
much of it along the way. 

An outstanding application of ventilation 
smoke apparatus is in locating leakages 
in the mine air system. To test for air- 
tightness of a brattice, for example, it is 
necessary only to spray a quantity of 
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smoke on the high-pressure side of the 
structure, and observe any places where 
the smoke draws through. Testing with 
smoke at openings into the gob, at doors, 
traps, sheets, or along line brattices, 
provides the obseryer with an unmistakable 
answer as to where, and to what extent, 
air is being short-circuited (Fig 6, 7). 

Several years ago, a ventilation survey 
in one of the local mines disclosed a much 
greater quantity of air to be passing 
through a main exhaust fan than could be 
measured as a total return inside the mine. 
Anemometer readings were checked and 
rechecked, tests were made of brattices 
along the airhole, and the airhole and 
fan were inspected. The difference in 
quantities was verified, but there was no 
indication of where the trouble existed. 

The overlying surface was then carefully 
inspected, and here, with the aid of smoke 
apparatus, air leakage was found. In 
various spots over almost an acre of 
ground, smoke was observed seeping 
between rocks and through small cracks 
in the surface. A large volume of air 
was filtering through the broken ground 
and finding its way into the airhole, 
around the lagging over several sets of 
timber. 

This leakage, once discovered, was 
quickly eliminated by placing a layer of 
clay, several feet thick, over the broken 
ground. The cost of the job was paid for by 
electric power saved in driving the fan 
during the following five months of 
operation. ; 


OBSERVING AIR-FLOW CHARACTERISTICS 


In local mines there are many openings 
interconnecting the various levels and 
the surface, and through these openings 
there will customarily be a flow of. air. 
This condition arises, of course, because 
air, like water, distributes its flow among 


any number of available channels, in an_ 


inverse proportion to the relative resistance 
of each, and in addition, natural draft 
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pressures may assist, balance, or over- 
balance the mechanically generated flows 
in certain parts of the system. The flow 
may thus be affected by changes in 
temperature and barometer as well as a 
change of conditions inside the mine. 
Such openings may then be either of 
benefit or harm, depending upon the 
amount and direction of flow. Smoke 
apparatus has been of much value in 
analyzing these conditions, and has per- 
mitted the making of sound decisions as 
to whether the openings in question 
should be bratticed, regulated, or kept 
open. 

When fighting mine fires, rigid control 
of slow-moving air currents is a necessity. 
Here again, the use of smoke has provided 


a practical method for easily and quickly 


determining direction of flow, tracing 
air currents, and estimating air quantities. 
Finally, convection currents, turbulence, 
velocity distribution in airway sections, 
and other such conditions are revealed 
to an observer using the apparatus as 
they would probably be in no other way. 


SUMMARY 


Through ventilation engineering work, 
conducted in large anthracite mines 
operated by the Lehigh Navigation Coal 
Company, Inc., it has been found that: 

1. The ordinary commercially available 
anemometer cannot be relied upon to 
provide an accurate measurement of a 
low-velocity air current. As much as 
10,000 cfm of air, flowing in a standard- 
size 8- by 12-ft air course, may be 
inaccurately determined through an ane- 


mometer reading, and as much as 6000 cfm 


flowing through the air course may cause 
no movement whatsoever of the ane- 
mometer wheel. 

2. Peculiar local conditions for mining 
have necessitated extensive subsplitting 
of the ventilating currents, and the 
attendant low velocities are found through- 
out considerable portions of the mines. 
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Consequently, when air quantity measure- 
ments have been secured for analysis 
of the ventilation systems, the smoke tube 
has been used because with the anemometer 


Fic 7—TESTING FOR AIR LEAKAGE ALONG THE 
PLANK PARTITION IN A CHUTE. 

When a chute is being driven, air is coursed 
up through the manway compartment to 
the face, and returns down the coal chute 
compartment. 


alone more than 30 pct of the total number 
of measurements either could not have 
been made at all, or would have been 
inaccurately determined. These measure- 
ments were satisfactorily obtained by 
using smoke apparatus. 

3. The smoke-tube apparatus provides 
a ready means for locating leakages in 
the ventilating system; its application in 
this connection is of extremely high value. 

4. Many air-flow characteristics can 
actually be observed by injecting smoke 
into the air. 
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Smoke apparatus has a definite place 
in practical mine ventilation work; it 
should be placed on the ‘‘must”’ list for 
the operating and engineering personnel 
who are responsible for maintaining good 
mine ventilation. 
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DISCUSSION 
(C. Smith presiding) 


C. Smita—Mr. Beckwith, that is an excellent 
paper and is much broader in scope than I 
thought it would be. 


G. E. McEtroy*—I am particularly grateful 
to Mr. Beckwith for presenting this paper 
on the use of smoke tubes in ventilation sur- 
veys, as I have been a strong advocate of 
their use since they were developed at my 
request in the spring of 1922. Before that 
time I had several years experience with less- 
convenient methods of generating smoke 
clouds for tracing and measuring low-velocity 
air currents in metal mines, where about 
80 pct of the air-distribution detail ordinarily 
must be determined by some such means. 
Since that time I have used smoke tubes to 
great advantage in ventilation surveys of 
metal mines and on inspection trips through 
coal mines, including a two-day trip to the LNC 
Co. mines in June 1934. My methods of smoke 
measurement differ only in unimportant 


* Supervising Engineer, Bureau of Mines, 
Pittsburgh, Pennsylvania. 


details from Mr. Beckwith’s in that I prefer 
a distance of 25 ft, generate small clouds at the 
quarter points of the cross section, and use a 
factor of o.9 for this position. 

The method of anemometer traversing 
recommended by Mr. Beckwith is very good 
as the anemometer is always at arm’s length 
from the body and never in line with it. 
In correcting readings, however, 5 to ro pct, 
depending on the size of the airway, should 
be deducted from the reading to allow for 
higher velocities caused by the hand holding 
the instrument, but mo deduction in area of 
cross section should be made for the body 
of the observer because it affects the velocity 
distribution only upstream and downstream 
and immediately adjacent to it. There is no 
noticeable effect at the anemometer position 
at arm’s length from the body. 

It is hoped that the publicity given by 
this paper to low-velocity measurements by 
smoke-cloud methods will make both mine 
officials and mine inspectors more conscious 
of the value and utility of these methods. 


A. T. BrckwitH (author’s reply)—Mr. 
McElroy’s valued comments are much ap- 
preciated. 

In connection with applying a correction to 
an anemometer traverse, Mr. McElroy ex- 
plains that no deduction in area of cross 
section should be made for the body of the 
observer, but rather, a 5 to 10 pct deduction, 
depending mainly on the size of the airway, 
should be made to correct the reading for 
the effect of hand holding the instrument. 

In U.S.B.M. Bulletin 385—Engineering 
Factors in the Ventilation of Metal Mines— 
Mr. McElroy mentions that with anemometer 
traverses (comparable with these under dis- 
cussion) he has: satisfactorily determined 
air quantities by applying a correction factor 
to reduce the results by 10 pct for openings 
of about 4o sq ft cross section, while for larger 
openings the relative effect on ‘‘method 
factor” is less. Correspondingly, he recom- 
mends the use of smaller percentage deductions 
for correcting measurements in larger openings. 

The standard deduction of 4 sq ft from the 
measured cross sectional area, which I use, 
is mathematically equal to a 10 pct reduction 
when applied to a 40 sq ft opening, and to a 
5 pct reduction for an opening of 80 sq ft. 
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Mr. McElroy is correct, however, in pointing 
out the fact that the effect of the observer’s 
body in the traverse plane should not be 
considered as a pure reduction in the area 
of cross section. 


A. L. Barretr*—I was wondering how Mr. 
Beckwith arrived at the figure of 0.8 pct times 
maximum velocity. After looking at some of 
these pictures, I should like to know the 
varying behavior of this factor in certain 
average airwaves. ; 


A. T. BrEckwitH—Different investigators 
have pointed out that for conditions of uni- 
form flow, with maximum velocity at the 
center, the average overall velocity in an air 
passageway will equal about 80 pct of the 
maximum velocity. By actual use of the fig- 
ure 0.8 times maximum velocity, with many 
measurements and under conditions shown by 
the drawings to which Mr. Barrett has made 
reference, I have always obtained results 
which have balanced out, and have thus 
accepted this figure as being correct. 


H. P. GREENWALD{—That figure has much 
experimental work behind it. E. Ower gives a 
discussion for smooth pipes on pages 42-44 of 
his book ‘‘Measurement of Air Flow.” G. E. 
McElroy of the Bureau of Mines also has 
considerable data. The factor is affected by 
changes in area of the passageway. At a con- 
striction, flow increases faster close to the 
walls than at the center and the factor rises 
locally until the distribution of air is read- 
justed further downstream. The reverse is true 
on expansions. 

T ask the author (and I may duplicate other 
questioners here because I was not in the room 


_during the presentation of the whole paper) 


whether he set up air measuring stations at 
principal locations where measurements would 
be repeated from time to time, whether he 
kept these same stations all the time, and 
whether initially he examined the area in the 
general vicinity of such stations in a search 
for the best possible location. What prompts 


these questions is that in one mine we tried - 


to get an air measurement at one spot and 
found the air crowded entirely to one side of 
the entry; there was an eddy current running 
in reverse direction at the opposite rib. We 


* Pittsburgh Coal Co., Library, Pa. 
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examined conditions upstream and found a 
huge bump on the rib left by irregular mining. 
This deflected the air current to the opposite 
rib and there was an eddy current in the lee 
of that bump. 

I think that to obtain best results it would 
be wise to have established measuring stations 
at the more important points, the character- 
istics of which have been investigated. An 
anemometer reading can then be taken at a 
single and definite spot in the cross section 
and the average velocity obtained by use of 
a multiplier determined for that station. 


A. T, Breckwita—When possible, that is 
done. I might add that one of the things we 
usually go into, before setting up a station, 
is to take a look in both directions along the 
air course over the available ground, and then 
select the most appropriate place. The smoke 
apparatus may then be used to determine 
whether there are any unusual conditions that 
obtain there before going ahead with the 
anemometer. 


C. SmitH—I suppose one thing that might 
be proposed in connection with your low. 
velocity measurements would be to use a 
slow speed anemometer. The one you have in 
mind is a standard 4-in. one. A person can 
get a 3-in. anemometer but he would carry 
two pieces of equipment and would not have 
the advantage of smoke procedure. 


J. J. RuttepcEe*—I just want to ask where 
this apparatus can be purchased. 


A. T. BecKwitH—The Mine Safety Appli- 
ances Co., Pittsburgh, sells the apparatus. 
There are probably other firms who also sell it. 


C. Smira—Mr. Beckwith you are not a 
member of our ventilation committee but if 
you will accept, we will put you on it. We 
have drafted Mr. Sturges and we are going to 
draft you, too. 

The stimulus of this paper makes me think 
we should study anemometry. There are a lot 
of tasks and problems that should have been 
answered a long time ago. It is a basic thing 
that we slough off and, as you know, there is 
some terrible work being done in measuring and 
reporting rates of flow underground. I think 
that may be the gist of our next year’s study. 


* Maryland Bureau of Mines, Annapolis, 
Maryland. 


Core Drilled Shafts for Ventilation and Emergency Escapeways 


By F. C. Sturcrs,* Mremper AIME 
(New York Meeting, March 1947) 


For some time mining engineers have 
been interested in the possibility of using 
small diameter shafts, sunk by core drilling, 


as aids to ventilation and as emergency ° 


escapeways. The possibilities are interest- 
ing to contemplate, but new methods 
involve unknowns, and interest tends to 
remain passive until these unknowns are 
solved. Recently we have completed two 
36-in. diam core drilled shafts, and wish 
to make the data on these available to 
the industry. 

Both shafts were drilled for the McLain 
Fire Brick Co., one at its Buckeye mine 
‘and the other at its Colonial mine. Both 
mines are in the fireclay underlying the 
Lower Kittanning coal. Both mines have 
been in operation for a number of years 
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and have required expensive maintenance 
work on return airways. It was decided 
that considerable savings could be effected 


Manuscript received at the office of the 
Institute Feb. 19, 1947. Issued as TP 2234 in 
CoaL TECHNOLOGY, August 1947. 
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by short-circuiting the air to the surface 
through small shafts. It was also realized 
that these holes, located near the present 
workings, would be of added value as 
emergency escapeways. 

Originally, 48-in. diam shafts were con- 
sidered, but actual computations showed 
36-in. diam shafts were more than ample 
at both mines. 

The shaft at the Buckeye mine is 240 ft 
deep, and that at the Colonial mine 258 ft 
deep. Both holes were started in the lower 
part of the Conemaugh formation and 
penetrated Conemaugh and Allegheny 
strata. 

The holes were started through the 
unconsolidated materials overlying bed- 
rock by constructing a concrete collar 
with a wall thickness of 8 in. Then the 
shafts were drilled by the shot-core drill 
method. An annular groove was cut in the 
rock by the abrading action of chilled steel 
shot run under the shoe of the core barrel. 
The drilling was done in stages, the core 
barrel drilling the groove for a certain 
distance depending on conditions encoun- 
tered, and then the cores broken off and 
taken out in sections. The core barrel 
had a 36-in. o.d. and the finished diameter 
of the shaft measured almost 37 in. 

The major questions that could not be 
answered until the completion of the 
first shaft were, (1) how much ground 
water would be encountered, how would it 
hinder the drilling, and how difficult would 
it be to seal off, and, (2) how would the 
walls of the hole stand up. The holes of 
course could be cased or lined, but that 
is considerable added expense in any shaft. 
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Ground water was encountered in quan- 
tity in crevices in the Lower Mahoning 
sandstone. As a precaution, a 3-in. hole 
50 ft deep was drilled and pregrouted 
before starting the drilling of the first 
shaft. Just how much water the pre- 
grouting accounted for is unknown, but 
when the shaft reached final depth there 
was an inflow of about 35 gpm, almost all 
of it coming from the pregrouted section. 
Experimenting with a new method of 
grouting, all visible points of water entry 
were grouted off at pressures up to 250 psi. 
After grouting every point where water 


could be seen coming in, the walls were still 


wet from the accumulation of minute 
amounts coming through pores and hair 
cracks too small to be detected, but the 
total water accumulating amounted only 
to about ten drops per minute falling into 
the mine below. 

The second shaft, at the ‘Colonial Mine, 
still had an inflow of 5 gal per hr when all 
points of visible inflow had been grouted 
off. Measurements were made of the total 
accumulation at different points in the 
shaft, and it was found that 80 pct of this 
was coming from a 12-ft section at a depth 
of 70 ft. This section was lined with a thin 
steel shell 3534 in. i.d. and grout behind it. 
When this was done, the total seepage 
from the shaft measured only 1 gal per hr. 

These shafts are to be used to exhaust 
the air from the mines, so the drying up 
of the holes was more perfect than neces- 
sary, but it was thought desirable to 
demonstrate that the holes could be dried 
up to be suitable for air intake. 

As to caving, the solid rock wall of the 
holes indicates its strength. Its circular 
shape gives perfect arch action, and it is 
smooth cut instead of showing the shattered 
appearance that usually results from 
blasting. Before anything was done to the 
walls, there was no danger involved in 
being lowered down the open hole for over 
200 ft. Near the bottom, just under the 


‘Middle Kittanning coal, there was a 
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Fic 1—SECTIONAL VIEW 36-INCH DRILLED 
SHAFT. COLONIAL MINE MCLAIN FIRE BRICK 
COMPANY. 

Overburden: Concrete collar 8-in. wall thick- 
ness 

Caving Area: Reamed weathered shale to 42 in. 
diam and lined with cement. placed under 
pressure behind removable liner. Finished 
wall is flush with original hole. 

Water Area: All points of visible inflow grouted 
off under pressures up to 250 psi. Balance 
from seepage 1 gal per hr which was ignored. 

Seepage Area: All visible inflow grouted off. 
Balance of inflow 4 gal per hr, sealed off with 
36 in. o.d. by 3594 i.d. Steel shell pressure 
grouted in permanently. 

Dry Area: This section was dry except at a 
few points which were pressure grouted. 

Caving Area: Reamed to 42 in. diam and lined 
with cement. 

Drainage into mine—1 gal per hr. 
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stratum that disintegrated rapidly. Dr. 
J. M. Schopf of the U. S. Bureau of Mines, 
who logged both holes, classified this 
clay, light gray, very soft, 


caving bed as “ 


Fic 2—SHAFT DRILL RIG WITH I0 FT 6 IN. 
LENGTH OF CORE HANGING IN DERRICK. 


much slickensided, with fist-size lime 
nodules.” This section was reamed and 
lined with 3 in. of cement. 

The shale and fireclay immediately under 
the concrete collars were badly weathered. 
This section also was reamed and lined. 
Since this top weathered zone can not be 
considered in normal condition, and the 
concrete collar might have been extended 
through it, evidently there was only one 
stratum encountered in each shaft that 
required support. This was accomplished 
by reaming and lining a section about 
7 ft long in each shaft. This is of particular 
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importance, because approximately 80 pct 
of the wall surface in the Colonial shaft 
was coal, fireclay, clay shale and car- 
bonaceous shale. 


— i es! 
Fic 3—VIEW OF DERRICK FLOOR. 


While work was in progress on the first 
hole, there was a possibility that some shale 
beds encountered might need some pro- 
tection against eventual weathering. Study 
was made of different protective coatings 
that might be applied. Gunite, cement 
paints, other paints and plastics were 
considered. No bed was encountered that 
appeared to need this protection, but in 
anticipation of future requirements on 
other holes, some experimenting was 
done. Of particular interest was a paint 
that could be used on the damp walls. 
This was brushed on as a test and offers 
promise of valuable use in future holes 
with questionable shale beds. A circular 
hole could be painted every two or three 
years with a rotating spray gun at very 
little cost. 

The cost of these shafts was dependent 
on conditions encountered, depth of con- 
crete collar, amount of grouting, reaming 
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and lining required, and others. The final 
figures showed a cost of approximately 
$10,000 for each shaft. 

The McLain Fire Brick Co. has ordered 
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emergency escapeway in every mine slated 
for a fire or an explosion. 

It was demonstrated to visitors that four 
men of average size could stand side by 


Fic 4— VISITING GEOLOGISTS ON THE CORE PILE. CORE MEASURES 32 IN. IN DIAM. 


a fan for installation near the foot of the 
Buckeye hole but the installation is not 
yet complete. Therefore we have no actual 
measurement of the coefficient of friction 


- in the hole. It would appear that the coeffi- 


cient will approximate that for smooth 
concrete, about 0.25 X 10% Using this 
figure in our formula, the shaft at the 
Buckeye mine could then be expected to 
pass 20,000 cfm of air at 1 in. water gauge, 
34,000 cfm at 3 in. water gauge, 48,000 cfm 
at 6 in. water gauge, and so on. These fig- 
ures on air passage would be approximately 
doubled for a 48-in. hole. A measured 
coefficient should be available shortly. 

It is planned to install emergency 
hoisting equipment at these shafts so 
that the men may be taken out of the mine 
quickly in case of need. These two holes 
were considered worthwhile from the 
standpoint of ventilation alone, and their 
additional worth as escapeways is difficult 
to evaluate. In any given case, the value 
would be dependent on conditions in the 
particular mine, distance of the workings 
from other exits, and similar factors. If 
disasters’ could be foreseen it would be 
of infinite value to have at least one 


side in a cage built for one of these 36-in. 
holes. A two or three deck cage would be 
feasible. 

These two shafts were drilled with 36-in. 
diam tools because actual computation 
showed that they were of ample size for 
the amount of air to be passed through 
them. It is believed that at many other 
mines 48-in. diam holes will be preferable, 
as they will pass approximately double 
the amount of air and yet the drilling cost 
is not much greater. 

The conditions encountered in these two 
holes might be either better or worse than 
those to be encountered in future core- 
drilled shafts, but actual experience gained 
from these two holes can be summarized 
as follows: ‘ 

1. Ground water, which is generally 
encountered in this area, is not a serious 
obstacle to the drilling of the holes by the 
methods employed. 

2. Ground water can be grouted off 
after the hole is drilled much more effec- 
tively and at a very small fraction of the 
cost of pregrouting. 

3. The circular rock wall, smooth cut 
and unshattered, givés a perfect arch 
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action, and only an occasional stratum 
will require artificial wall support. 

4. Artificial support of a weak stratum 
can be obtained economically by reaming 
and lining the individual bed. 

5. Any questionable stratum that might 
weather in time can be kept painted, a 
minor undertaking in a circular hole with 
smooth walls. 

6. The fact that four men of average 
size can stand side by side in a cage built 
for a 36-in. hole demonstrates the value of 
the holes as emergency escapeways. 

A final conclusion is that present devel- 
opments of methods of drilling these holes 
forecast decreasing costs in contrast to 
the general trend. 

Thanks are due the McLain Fire Brick 
Co. and its Chief Engineer, Mr. J. B. 
Blewett, for permission to make this 
information available to the industry. 


DISCUSSION 
(C. Smith presiding) 


C. Smira—Gentlemen, I am sure there are 
a number of questions in your minds as a 
result of listening to this excellent paper. 
I am sure Mr. Sturges will be glad to answer 
any questions. : 


L. E. Younc*—We are indebted to the 
Committee for bringing before us this very 
interesting subject. Recently, I had the 
pleasure of going down one of these 36-in. 
shafts, and while the walls were smooth and 
sound, I must confess that for a brief time I 
experienced claustrophobia. At a gassy coal 
_ mine near Rosita, Mexico, it is the practice, I 
understand, to put down deep boreholes to 
tap the remote mine workings and exhaust 
the mine gases through these holes instead of 
returning the mine air to the conventional air- 
shafts. Possibly some one in attendance can 
give us more information about the drilling 
of the holes at Rosita and the ventilation prac- 
tice followed. 


J. J. Rurrepcret—I presume that is the 


* Mining Engineer, Pittsburgh, Pa. 
Ned Maryland Bureau of Mines, Annapolis, 


property over which Mr. Hughes has charge— 
the lignite mine? 


L. E. Younc—No. This is a bituminous coal 
property under the management of a member 
of the Institute, H. D. Bubb, Jr., El Paso, 
Texas, who is Manager of the Coal and Coke 
Department of the American Smelting and 
Refining Co. I understand this company is 
doing a splendid job in ventilating a gassy 
mine by using multiple boreholes to exhaust 
mine air. 


J. J. RutrEpGE—One of the most gaseous 
mines in a pitching seam in eastern Oklahoma 
was relieved of methane in advanced workings 
by drilling 6-in. diam churn-drill holes from 
the surface down to the Lower Hartshorne 
coal seam. These holes were drilled so as to 
strike the coal in advance of the heading a 
very short distance; in some cases the drill- 
holes only extended to a 1-{t thick seam of 
coal which was about 6 to 8 ft above the main 
seam of the Lower Hartshorne. The Degnan- 
McConnell Coal Co. owned the churn-drill 
and I was advised by Mr. McConnell that the 
cost of drilling the holes was about $1.00 per 
linear ft in depth. 

This method seemed to free the mines of 
methane in advance workings. Most of the 
shafts and the slope openings were on the 
intake and when it was suggested to some 
of the operators that they follow the example 
of the Degnan-McConnell Co. and drill bore- 
holes from the surface to free their mine work- 
ings of methane, they objected saying that 
such bore-holes would not relieve the mine 
workings and that the outside air would enter 
the mouth of the drill-hole at the surface and 
thus prevent the circulation of air. 

I saw the go-in. drill-hole drilled by the 
Pennsylvania Drilling Co. on the Confluence 
Dam at Confluence, Pa. There was one hole 
through the Morgantown sandstone and 
through the kindness of the engineer in charge, 


the Bureau of Mines of Maryland was given. 


a 1-ft thick cross section of this coal. 

IT think this is one of the finest developments 
in mining engineering in recent years. How- 
ever, 6 or 8 or ro-in. diam holes will relieve 
gaseous areas if you cannot afford these larger 
diameter holes. 

Some will say that the outside air will come 
down the bore-hole and prevent the exit of the 
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gas from the mine workings but this has not 
been the writer’s experience. 

In western Maryland we have a long fire 
clay tunnel driven directly into the mountain 
for a distance of tooo or more feet and in 
warm weather it would not be possible to 
operate this tunnel if it were not for a 1o-in. 
borehole drilled from the surface and giving 

_ exit to the air in the workings. 

It has long been the practice in the Joplin, 
Mo., area to drill 17-in. churn-drill holes 
from the surface to the mine workings for 
ventilating these lead and zinc mines. 


C. A. FREDELL*—In answer to Dr. Young’s 


question, I cannot give first-hand information, _ 


but we have a man in our organization who 
worked in Mexico in that mine and started the 
drilling. 
Originally they put down a 12-in. hole and 
* used that as a pilot hole and successfully 
reamed it to 24, 42, and up to 60 in. A number 
of holes were put down that way and with 
much success and speed. Their present practice 
is to start with an 8-in. hole, ream to 24 in. 


- and enlarge by drilling and blasting, dropping 


_the muck down through the 24-in. hole. They 
are getting faster speeds that way. 


C. Smita—lIn that way, they are losing the 
smooth periphery that Mr. Sturges likes. 


C. A. FrepELL—That is right. 


C. Smita—Did you give us the rate at 
which you put down this hole, Mr. Sturges? 
F. Sturces (author’s reply)—No, I did not. 


R. Morrist—How did you keep the hole 
straight? 
F. Sturcres—We did not make any particu- 


lar effort to keep it straight other than to 
start the core barrel straight. 


L. E. Younc—It looked fairly straight and 
smooth. From the bottom of the 250-ft shaft, 


_ looking up, there was no evident curve in the 


hole. 


A. L. Tornces{—I was in Mexico in January. 
The present practice is first to sink through the 
overburden and then drill an 8-in. hole to the 


*E. S. Longyear Co., Minneapolis, Minn. 
+Gauley Mt. Coal Co., Ansted, W. Va. 
t Fuels and Explosives Service, U.S. Bureau 
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mine openings. The hole is reamed or counter- 
sunk, as they call it, to 24-in. with a Christmas 
tree arrangement equipped with Hughes bits. 
Then they blast, shooting the muck down 
to cars in the mine. If the drilling is very good, 
they will ream again or countersink to 42 in. 
and then blast around, making a shaft 9 ft 
in diam. The shaft is then lined with concrete 
to an inside diam of 7 ft. They use four men 
on the shaft sinking. Their rate of progress on 
a 24-in. hole is about 1 ft per hr and on a 
42 in. hole, it is about 6 in. per hr. 


L. E. Younc—Will you kindly mention the 
ventilation aspect of this in regard to the 
gases? 


A. L. Torncres—I cannot give too much 
information. In fact, I cannot give any in- 
formation, for various reasons, on their degasi- 
fication program. However, I will say they 
sink an airshaft for about every 180 acres. 
At the present time they have eleven shafts, 
five intake and six return. There is no elec- 
tricity used at the faces in the mine. 


C. Smira—Are they using these shafts with 
escape equipment—ladders, stairs, or hoists? 


A. L. Torncrs—They are planning on a 
small hoist as an auxiliary. 


M. D. Cooprr*—Mr. Sturges has given a 
modest report on a splendid job. Anybody 
would be well rewarded by visiting these shafts. 
They are not hard to reach from Pittsburgh. 
He is a psychologist and refers to them as 
shafts rather than boreholes because boreholes 
give us a squeamish feeling, thinking about 
going into the cage. However, in starting down, 
and especially when coming up, the safety 
factors that are involved are impressive. It is 
an excellent job. The most outstanding feature 
about it is the smooth surface. Another is the 
reasonably plumb condition. It is not actually 
plumb, but it is near enough to be considered 
sO. 

There are one or two items about which Mr. :: 
Sturges may give us a little more information, » 
What is the maximum diameter that could be - 
drilled? Does he care to comment on the 
simple approximate cost estimate that he . 
gave me at the time I visited the shaft? At : 
that time he said it would be possible to con- 
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sider the cost at $1.00 per inch of diameter per 
foot of depth. I would like to have a word or 
two from him on both of those subjects. 


F. Srurces—In connection with the cost, 
there are many variables which enter into it. 
I have been giving people a figure of $1.00 per 
inch of diameter per foot of depth as a rule- 
of-thumb yardstick. An actual cost estimate 
for conditions to be encountered on an actual 
job might be considerably higher or lower. 

As to the other question, we made a pro- 
posal at one time to drill some 6-ft diam shafts. 
The largest we have drilled is 36 in. in diam. 
but 48 in. is what we are now prepared to drill. 
I think we will get up to 6 ft and maybe we 
will go further, but, first of all, we would like 
to drill the 48-in. diam and then go, perhaps, 
to 60 in., and in that fashion, step it up. 

In connection with the shaft work that Dr. 
Rutledge mentioned, there is an entirely 
different scheme. A man from California has 
drilled 534 ft diam shafts to depths of over 
2000 ft. He has a machine that goes down in 
the hole. For that reason, he is up against a 
water problem. 

We must look at this thing from the stand- 
point of what we would be up against in our 
own region and I do not think it would be 
possible to start one of these holes and not 
expect to hit water. Therefore, we think it 
should be a surface drilling operation. 


J. RuttepcE—Could you go into details 
on that? 


F. Sturces—The California man to whom I 
referred has his core barrel attached to an 
operator’s cage which also goes down in the 
hole. In the operator’s cage is an electric 
driving motor: The entire drill is lowered into 
the hole on a cable, the electric line being run 
down for operation of the motor. He jacks 
the cage against the wall of the hole and starts 
his tools operating. Everything is done down 
in the hole. If he should hit an unexpected 
amount of water, I do not know what he would 
do. 

If that type of drill were used in the Pennsyl- 
vania coal fields, I think the site would have 
to be pregrouted. You know that is an'expen- 
sive proposition; that is why we are approach- 
ing it from the standpoint of leaving the equip- 
ment on the surface and not worrying about 


the water because we can go down, after the 
hole is completed, and shut that water off 
very quickly and economically. 

If you have a crevice with an opening of 
one inch, a lot of water can come in suddenly. 
The usual condition of these crevices has been 
seen on the sides of these shafts. Horizontal 
crevices go completely around the hole, but 
they are sealed for most of the circumference. 
This condition has been noted by visitors to 
these holes. There may be one or two places 
where water will be coming in in jets, but we 
can close those jets by using a very small 
amount of cement just exactly where it is 
needed. 


C. Smira—We have a 1s5-ft diam hole. 
In this particular case we have a center core 
and four boreholes around that. We work on 
angle repose which is ordinary oil country 
operation and a very characteristic method, 
while using a fast setting cement. In that way, 
we get a complete shut-off. 

By angle repose, I mean putting a wall in 
there and pumping against that wall until 
you get a complete shut-off with a 1000 lb 
pressure. 

In order to demonstrate the feasibility of 
that particular thing in experimental work 
(and I am anticipating a paper that will come 
out), we went in and did a grouting. Those 
cores are probably as illuminating to look at 
as you will ever find. They show not one 
crevice but a multiplicity not only of volu- 
metric control but of capillary control in a 
thoroughly saturated 500 ft of column with 
water. 

As you know, that is one of the very wet 
areas. At no point, except where we had one 
break-through caused by bad technique and 
bad cement, did the calculated amount of 
cement put in go beyond this 40° angle repose. 

Therefore, I think the techniques which are 
now coming into the industry and which are 
carried over from experimental work in the oil 
industry answer the question of pregrouting 
the shaft successfully and economically, and 
that can be done with possibly 8 or to pct 
of the cement used in a grouting job. 


F. Srurces—There is another part to the 
problem. There is no question about limiting 
the amount of grout put in. If a hole is put 
down here and another one over here (indicat- 
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ing drawing on blackboard), on the circumference 
of that 36-in. shaft, it is very question- 
able whether this crevice would ever be shut 
off, since the odds are that the grout holes will 
not encounter any open part of the crevice. 


C. Smira—lI do not want to argue the ques- 
tion, but here is a case in point. This was 
grouted under pressures up to 2000 lb, starting 
with a low pressure of 200 lb. We were doing 
each horizon or each strata as we came to it. 
We would measure the amounts of material 
going in and then, in order to check this, we 
would drill subsequent boreholes. 

In these, you find certain chemical phe- 
nomena. You find where your cement has 
penetrated; you find in one borehole that you 
have not achieved a complete shut-off; you 
have one thirsty formation that has taken a 
little more than you needed. Again you grout 
that particular area or horizon. You go ahead 
and drill this one (indicating drawing on black- 
board) and by the time you get over to this 
(indicating drawing on blackboard) you find 
you have practically a complete shut-off, 
and if you do not, you grout this (indicating 
drawing on blackboard). These, then, act not 
only as checks but as an additional. measure 
for completing the job started here. On the 
basis of overall costs of shaft sinking this 
would seem to have a preferred position. Does 
that answer your question? The approach is 
towards mathematical infinity. As a matter of 
fact, I would say that three holes normally 
would take care of a shaft. 


F. SturcEs—Does anybody have experience 
in shaft work in the East? 


C. Enz1an*—I should like to say in support 
of Mr. Sturges’ statement that when you 
start grouting water-bearing strata, you do 
not know where you will end. I think Mr. 
Sturges has in mind the strata that occurs in 
the central part of Pennsylvania. I have had 
experience in trying to grout off a shaft, 16 
by 32, that had struck a water-bearing strata. 
In fact, it was leached-out limestone strata 
and, of course, we proceeded with the best 
equipment that a very responsible rock con- 
tractor from Pittsburgh had devised and we 
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pumped grout into the water fissures up to 
400 lb pressure. 

We thought we were doing a pretty good 
job,—and we were; a few days before we had 
finished, the farmer from the adjoining farm 
came down and told us we would have to stop 
as we had ruined his spring nearly 44 mi away. 

Regarding the question of boreholes, I_ 
wish to say that the drilling of boreholes for 
the elimination of accumulated gases, whether 
explosive gases or not, especially in the steep 
pitch mining area of the anthracite region, 
has been done for nearly so yr. 

As you know, when you retreat a lift or 
level by robbing it, the adjacent grooves in 
those areas accumulate gases. Under certain 
atmospheric conditions these gases work down 
into the live workings of the lower levels. 

Most of the fans used in ventilating such 
workings are of the force type and, of course, 
work very advantageously and effectively. 
We had one borehole that drew off so much 
gas that the vent pipe, which was somewhat 
over 20 ft in height, was set afire by youngsters 
shooting lighted arrows into its discharge. 
It would throw a flame 20 or 30 ft into the air. 


C. Smita—The gentleman mentioned that 
these borehole drilling methods were being 
used in the west; this work is being done in 
West Virginia. I believe from something that 
was said that he did not follow me. If I may 
have half a moment, I would like to demon- 
strate it. 

If you have an open cavern and your bore- 
hole comes in like this (illustrating drawing on 
blackboard), that is infinity. It is not necessary 
to pump it out 4oo ft. By using a material 
such as would be fast setting, and which ex- 
pands on setting, or by using a plastic, all 
of which are being currently used, a wall is 
built up. That is done by building the material, 
and there is an exact setting. time. It may be 
155 sec; you know that at 154 sec it is a fluid 
and at 155 sec, given a certain temperature, 
that material will immediately settle out. 


C. EnziaN—Under water? 


C. Smita—Yes. You pump that ahead of 
the cement and follow with your cement. Con- 
sequently the cement has a proper grouting 
mixture. Let us say it is a 16 lb slurry. In that 
case you build your material into a wall at a 


138 CORE DRILLED SHAFTS FOR VENTILATION AND EMERGENCY ESCAPEWAYS 


set point, your mud being out here with an 
angle repose like that (indicating drawing on 
blackboard). Cement a vertical wall and then, 
after you reach and permit this to set, you 
prove your job by using high pressures to 
which I have referred, You know that if 
2000 lb pressure is used and no break-through 
occurs, it is a good job. 


A. L. Barrett*—What is to prevent the 
flow of water moving out? 


C. Smita—This is built up with a very heavy 
slurry of mud which acts as a slow-moving 
mass and looks like the lava that comes out of a 
volcano. That merely acts as a mass to get 
your initial set. It is simple and easy. The size 
of the cavity, the interstitial measure, does 
not matter a bit. In every case, measured 
amounts of material are being used. Any 
assumption may be made. It could be roo ft 
of clear hole into which you would drill, that is, 
a cavern of roo ft, and it is perfectly practical 
to seal it off. I would not hesitate at all to 
say I could go to Mammoth Cavern and get a 
complete seal around the borehole. 


L, A. Surpman {—I am awfully glad my friend 
insisted on a little further explanation. People 
in the oil business know how to drill holes and 
know grouting and certain methods much 
better than we in the coal business. 

I did not think he made clear the fact that 
he starts out with low pressure and builds up 
a quick setting compound and gets his setting 
time before he goes to his high pressure. I am 
glad he was stubborn enough to repeat and 
emphasize this. 


I’, Sturces—Suppose we wanted to put 
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down one 36-in. shaft, 150 ft in depth, what 
would be the cost? 


C. Smita—In that case, it would be about 
$300. The cost of the job is a uniform one: 
$225 plus traveling time for the equipment 
which is heavily truck-mounted, plus the cost 
of the cement. I have given a rough figure 
for the maximum amount of cement that 
would be put in or used—about 1000 sacks 
for 580 ft. 


F. Srurces—You believe that the whole 
job could be done for around $1,000? 


C. SmirH—That would be a high price. You 
have a vertical borehole and the first thing 
you do is put mud on the outside. In that 
case the cheapest method would be to use 
stove-pipe casings to get a very inexpensive 
method. In that way you would use ten sacks 
of cement, plus a job that either Mr. Halli- 
burton or our company would do for $300. 


C. Smira—Mr. Sturges, would you tell us 
how those boreholes are to be equipped and 
supplied with escape equipment? 


F. Srurces—With an exhaust pressure 
fan at the foot of the shaft, to force the air up. 


C. Smira—I may have missed the point. 
Will there be cage equipment for escape 
purposes? ; 


F. Sturces—There will be. 


C. Smita—Some of the members of the 
committee have expressed concern over the 
fact that there may be too much enthusiasm 
over the characteristics of small holes. That 
is a point about which apparently very little 
data have been developed. I know of one 
operator who thinks he is going to bleed the 
gas out of his seam, but we do not know yet 
how well that is going to work. 
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The Action of Certain Microorganisms in Acid Mine Drainage* 


By M. E. Hrnxrz,f Memper AIME anp W. A. Korstert 
(New York Meeting, February 1948) 


INTRODUCTION 


THE oxidation of pyrites and marcasite 
in coal-mine strata to produce discolored 
acid mine drainage has long been explained 
by chemical reactions occurring in three 
stages: 1. The iron sulphide minerals are 
oxidized by air in the presence of water to 
produce a nearly colorless solution of fer- 
rous (iron) sulphate and some sulphuric 
acid. 2. The ferrous sulphate and part of 
the sulphuric acid combine with additional 
oxygen to form ferric (iron) sulphate. 
3. The ferric sulphate hydrolyzes to form a 
reddish-brown precipitate and additional 
sulphuric acid. 

Nevertheless, chemical data alone are 
not sufficient to explain all observed facts. 
The first stage seems to proceed more 
slowly in the chemical laboratory than in 
nature. The second and third stages nor- 
mally occur to a marked extent within a 
few days with raw mine water. However, 
the visible discoloration that characterizes 
these latter stages will not develop for 
months if the mine water is sterilized. 

By means of bacteriological techniques, 
two organisms have been isolated from 
acid coal-mine drainage. These are believed 
to have a part in promoting the chemical 
reactions summarized above. 

Manuscript received at the office of the 
Institute November 28, 1947; revision received 
February 9, 1948. Issued as TP 2381 in COAL 
TECHNOLOGY, May 1948. 
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One organism is considered to be Thio- 
bacillus thiooxidans, which is known to be 
able to convert elementary sulphur or 
sodium thiosulphate to sulphuric acid. Its 
relation to the formation of acid mine 
drainage has not yet been established. 
Apparently it does not promote the oxida- 
tion of ferrous iron compounds in mine 
drainage to the ferric state. 

The second organism has not been identi- 
fied by name but is described as ‘Gram 
negative, non-spore-forming rods approxi- 
mately o.4 micron wide by 0.8 to 1.0 
micron long.” A pure culture of this when 
added to sterile mine water will cause the 
latter to become amber and develop the 
typical rusty precipitate. However, it has 
not been found to convert sulphur com- 
pounds to sulphuric acid. 

Further research is planned to determine 
whether or not these microorganisms play 
a significant part in the first stage of 
oxidation whereby pyrites and marcasite 
minerals go into solution. Some of the 
conditions found in abandoned sections of 
coal mines, such as a reduced percentage of 
oxygen and increased percentage of carbon 
dioxide in the air, as well as the existing 
temperature and acidity ranges, will be 
tolerated by and may even be favorable to 
these organisms. 


Acip CoAL MINE DRAINAGE 


Acid coal mine drainage has been the 
concern of coal mine operators, industrial- 
ists, sportsmen and public officials for many 
years. The amount of acid flowing into our 
streams in the coal-producing areas varies 
considerably from mine to mine and from 
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region to region and it is difficult to esti- 
mate even approximately the total amount. 
Herndon and Hodge? have made a study of 
it and give some estimates on the amount 
of acid produced. By no means is all coal 
mine drainage acid in nature; two mines 
only a few miles apart may have acid and 
alkaline drainages respectively. 

In those mines in which acid is formed, 
ferrous sulphate is formed as a co-product. 
The ferrous sulphate oxidizes to the ferric 
stage and then hydrolyzes to form the 
ferric hydroxide, causing the reddish and 
brownish discolorations seen in the streams 
fed by acid mine drainage. 

A fundamental study of the causes of 
acid formation in some mine waters has 
been authorized at West Virginia Univer- 
sity under the sponsorship of Bituminous 
Coal Research, Inc. This research agency 
is supported by nearly 300 coal companies 
and associations, representing about 200,- 
000,000 tons of annual coal production, and 
it sponsors various research projects of 
importance to the coal producer, the con- 
sumer and the public. 


MINE DRAINAGE WATERS 


The drainage from many mines is defi- 
nitely acid in nature although that from 
some mines is alkaline. A survey of the 
hydrogen ion concentration of nineteen 
mines in Ohio, Pennsylvania and West 
Virginia showed a range from an acid mine 
water in Pennsylvania with a pH of 2.3 
to an alkaline mine water in West Virginia 
with a pH of 8.7. In determining pH values 
of mine drainage waters close checks were 
obtained with a colormetric method, Beck- 
man pH meter and Macbeth pH meter. 


FORMATION OF ACID 


The sulphuric acid formed in mines has 
its origin in the various sulphur-bearing 
materials associated with the coal, the most 
important of which is iron sulphide, occur- 


3 References are at the end of the paper. 
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ring as pyrites and marcasite. These com- 
pounds appear as finely dissemihated 
crystals in the coal or as bands parallel to 
the bedding plane of the coal, as flat lenses 
and as concretions commonly known as 
“sulphur balls.’’ Some sulphur may also be 
present as sulphates and as organic sulphur. 

As long as these sulphur compounds re- 
main with the coal in unmined areas no 
acid is formed, but after removal of the coal 
so that the pyrites and marcasite remaining 
behind are exposed to air, acid is formed 
fairly rapidly. This is particularly true in 
the abandoned and unventilated sections 
of the mines. The oxidation of the sulphides 
to form sulphates and acid has generally 
been considered one of simple atmospheric 
oxidation: 


2FeS2 + 702+ 2H20 
= 2FeSO,4 + 2HSO,4 {1] 


The oxidation of pyrites is a slow process, 
however; in fact, it is difficult to produce 
any appreciable oxidation in the labora- 
tory. Carpenter and Herndon! call atten- 
tion to the slow oxidation of pyrites in the 
laboratory and suggest the possibility of 
anaerobic bacterial action as being respon- 
sible for the rapid oxidation of pyrites in 
the mines. 

Colmer and Hinkle? in our laboratories 
studied numerous acid mine drainage 
waters for bacterial activity and give a 
detailed report on four typical samples. 
One sample was taken from a flume outside 
the mine, which received drainage by 
means of a pump from an abandoned area 
several hundred feet below the surface. A 
second sample was taken inside the mine 
as it ran out of an abandoned area, along 
the main haulage way. A third sample came 
directly from an abandoned area and was 
collected as it issued from a bore hole in the 
coal. A fourth sample was taken from a 
strip mine as the water issued from under a 
spoil bank. 

All the samples were inoculated into the 
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synthetic medium* of Waksman and 
Starkey® used for the culture of Thiobacillus 
thiooxidans. Growth appeared in all the 
samples within 7 to 10 days. Subcultures 
were then made into fresh media and re- 
peated transfers always yielded an actual 
culture. Material from the flasks produced 
minute straw-yellow to cream-colored 
colonies when streaked on the surface of the 
solid medium of Waksman. 

Growths taken from: the liquid or solid 
substrata were morphologically similar to 
the published description of Thiobacillus 
thiooxidans and physiologically the orga- 
nisms fit the description of the known sul- 
phur oxidizer. They can secure their carbon 
dioxide from the air, their nitrogen from 


ammonium sulphate and their energy from ~ 


the oxidation of elemental sulphur or thio- 
sulphate. The pH of the liquid medium 
after one or two weeks of growth in the 
laboratory varied from 1.5 to 0.9 showing 
‘that acid is formed during the oxidation. 

An analysis of the air from two of the 
abandoned areas from which water samples 
were taken showed a CO concentration of 
zero, CHy, 12.47 and 18 pct respectively; 
COz, 3.6 and 3.8 pct respectively, and Oz, 
3.2 and 9.4 pct respectively. According to 
Vogler, LePage and Umbreit® it can be 
expected that Thiobacillus thiooxidans 
would not find some of these gaseous com- 
ponents prohibitive to its action; in fact, 
they found a tendency to increased rates of 
sulphur oxidation at lower oxygen concen- 
trations. Vogler? points out further that 
CO. may act as an oxidizing agent for 
sulphur. Starkey® called attention to the 
fact that Thiobacillus thiooxidans is able to 
grow when the medium contains o.5 molal 
concentration of sulphuric acid. 

The temperature of acid mine waters 
issuing from abandoned areas has been 
found in our investigation to range from 


* Consisting of small amounts of ammonium, 
magnesium and iron sulphates, calcium chlo- 
ride, potassium acid phosphate and powdered 
sulphur in distilled water. 
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5 to 20°C. Vogler, LePage and Umbreit® 
found that bacterial sulphur oxidation pro- 
ceeded over a temperature range of 7 to 
45°C. : 

These observations point to the conclu- 
sion that possibly Thiobacillus thiooxidans 
or an organism very similar to it is an 
important factor in the formation of sul- 
phuric acid in some, if not all, abandoned 
mines. Further study aims to determine, 
among other things, why, if this bacterium 
is an important factor, acid ‘is not formed 
as readily in actively worked mines as in 
abandoned mines. This bacterium, how- 
ever, is not responsible for the oxidation of 
ferrous iron to the ferric state mentioned 
in the next section. 

Incomplete studies indicate so far that 
these microorganisms are not present in 
alkaline mine drainage. 


OXIDATION OF FERROUS SULPHATE 


Much more noticeable but not nearly as 
important economically is the oxidation of 
the ferrous sulphate to ferric sulphate and 
the subsequent hydrolysis to ferric hydrox- 
ide. The ferrous sulphate is a co-product 
formed with the sulphuric acid during the 
oxidation of pyrites and marcasite, as 
shown in Eq 1. The ferrous sulphate oxi- 
dizes to the ferric state, for which the 
reaction is commonly represented as: 


4FeSO4 + O2 + 2H2SO,4 
— 2Fe2(SO.)3 + 2H.0 [2] 


This has also commonly been considered as 
a process involving simple atmospheric oxi- 
dation. The ferric sulphate under suitable 
conditions hydrolyzes to form ferric hy- 
droxide and more sulphuric acid: 


Fe2(SO4)3 + 6H20 
— 2Fe(OH); + 3H2SO, [3] 


The acid drainage as it issues from the mine 
is often crystal clear, sometimes slightly 
turbid, sometimes of a slight amber color. 
Samples of such waters when first collected 
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upon issuance from the abandoned mine 
contained the iron predominately in the 
ferrous condition. Upon storage in a glass 
jug, the'clear water became turbid in a few 
hours, a reddish-brown precipitate usually 
appeared in one day and the iron was con- 
verted generally from the ferrous to the 
ferric state in from one to two weeks. Like- 
wise, as the mine drainage water proceeds 
down a stream and becomes more dilute 
and therefore less acidic, the hydrolysis 
represented by reaction [3] takes place rap- 
idly producing the brown precipitates in 
the stream. 

In preparing a synthetic mine water 
made from laboratory reagents to approxi- 
mately the same composition as a natural 
mine water, it was found that this synthetic 
mine water remained clear after standing 
exposed to air for months; no brown pre- 
cipitate was formed. This gave a clue to the 
theory that some type of microorganism 
might be a factor in the oxidation. A natu- 
ral mine water was then taken and divided 
into two parts in separate bottles. One part 
was first boiled, the other was unheated. 
The unheated sample formed the custom- 
ary brown precipitate in a few days, while 
the boiled sample remained clear for weeks. 
Since the boiling could readily change the 
environment in the water, it was decided to 
try several bactericides. Colmer and Hinkle? 
added mercuric chloride, phenol, and for- 
maldehyde respectively to clear acid mine 
water in concentrations ranging from one 
part in a thousand to one part in a hundred 
billion. Amber color developed only in those 
samples containing the smallest concentra- 
tion of the bactericide in the control tubes. 
A residual concentration of one to a million 
of mercuric chloride prevented the amber 
color development. Phenol and formalde- 
hyde prevented the change at one to a thou- 
sand and one to ten thousand respectively. 

As a further check on possible bacterial 
action and to eliminate possibilities of the 
bactericidal chemicals mentioned above of 
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changing the environment in the water 
other than destroying bacteria, a sample of 
clear mine water was filtered through an 
“EK.” germicide pad of a Seitz filter. This 
filter removes bacteria and produces sterile 
water. On exposure to air, the mine water 
so filtered developed no amber color. 

As a further test a synthetic mine water, 
one that will not oxidize on standing ex- 
posed to air for months, was inoculated 
with a few milliliters per liter of fresh clear 
acid mine drainage. Oxidation developed in 
a few days as in the case of a natural mine 
water. Likewise, a Seitz filtered natural 
mine water, which will not oxidize on 
standing, when subjected to a few milliliters 
of an untreated natural mine water, oxi- 
dized in the usual manner. 

These tests show that a bacterium has 
been found in acid mine drainage which is 
involved in the oxidation of ferrous to ferric 
sulphate, and since the ferric sulphate 
hydrolyzes spontaneously to the ferric hy- 
droxide in the streams carrying the mine 
drainage water, the bacterium is indirectly 
a factor in the formation of the brownish 
precipitates found in many streams. It is, 
however, apparently not involved in the 
original oxidation of pyritic material to 
acid and ferrous sulphate. 

Atmospheric oxygen, however, seems to 
be an important factor in the oxidation. If 
a bottle is filled with freshly collected natu- 
ral mine water and then stoppered, no 
oxidation takes place. If a partially filled 
bottle has the oxygen replaced with CO, 
and is then stoppered, no oxidation takes 
place; but if the stopper is later removed 
the amber-colored precipitates gradually 
begin to form. However, the previously 
mentioned tests indicate that simple atmos- 
pheric oxidation alone will not produce the 
usual reddish-brown precipitate found in 
acid mine drainage waters. 

To determine the nature of the agent or 
agents responsible for the oxidation, Colmer 
and Hinkle? inoculated 1 ml of the raw 
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mine water which had just turned amber, 
into ro ml of the same water which had 
been Seitz filtered. This water became 
amber and was then used as the inoculum 
for a second tube of the sterile water. After 
such serial transfers had served to enrich 
the agent or agents present in the colored 
water, a portion of the liquid from the last 
amber tube was streaked on the surface of a 
poured plate composed of equal volumes of 
sterile mine’ water and 3 pct agar-agar. 
After 6 to 10 days of incubation at room 
temperature at 22 to 28°C, an amber color 
appeared in the agar and very small 
colonies were apparent in and around the 
colored areas. Pure cultures of the bacteria 
were secured by repeated replating upon 
the acid water agar. Microscopical exam- 
ination of the organism in the colonies 
proved the presence of Gram negative, 


_- non-spore forming rods approximately 0.4 


micron wide by o.8 to 1.0 micron long. 
When a pure culture of this bacterium was 
inoculated into either sterile raw acid mine 
water or synthetic acid mine water, that 
water became amber and developed the 
typical rusty precipitate, whereas uninocu- 
lated sterile control tubes of the same 
waters remained clear. The identity of the 
bacterium has not as yet been established, 
but it appears not to be Thiobacillus 
thiooxidans. 

Acid mine drainage and the accompany- 
ing rust forming compounds in the streams 
have received much attention.*:4 Hoffert® 
gives a brief review of various methods that 
have been proposed to counteract the acid 
issuing into the streams. Of the various 
methods proposed and tried, the mine-seal- 
ing program has been most effective. This 
sealing does not appreciably reduce the 
acidity of the water issuing from the mines 
but does decrease the volume and therefore 
the total acid. Further study is directed at 
West Virginia University under a new grant 
by Bituminous Coal Research, Inc. to 
investigate the true role of microorganisms 
in the formation of the acid and the iron 
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oxidation products. It cannot, at this stage 
of the program, be predicted whether or 
not new-and more effective measures to 
control acidity can be expected. 
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DISCUSSION 
(G. H. Cady and H. J. Rose presiding) 


G. H. Capy—I wish to ‘thank Dr. 
Koehler for this very interesting paper, and 
I am sure that he raised a number of ques- 
tions which will excite some discussion. 


H. F. Heptey*—Probably many in the 
room are wondering just what is the value 
of the work that has been presented by Dr. 
Koehler. Some of you may or may not know 
that there is a very strong agitation for the 
elimination of stream pollution throughout 
the whole Ohio Valley Basin. 

In fact, there is a treaty between the 
various states of which there are nine in- 
volved, namely, New York, Pennsylvania, 
West Virginia, Virginia, Kentucky, Ohio, 
Indiana, Illinois and Tennessee; and a con- 
certed drive is being made on all industrial 
wastes to prevent them from being dis- 
charged to the rivers. 

States like New York and Pennsylvania 
have for decades used the streams for 
carrying away the industrial wastes as an 
easy method of getting rid of them. Pack- 
ing houses, slaughter houses, cream fac- 
tories, butter factories, paper mills and, last. 


* Pittsburgh Coal Company. 
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but not least, the acid mine water drainage 
that has been draining out of the mines into 
the stream system for years produce such 
wastes. You can see the magnitude of the 
problem with which we are faced. 

I know that Dr. Maize as the Secretary 
for Mines of the State of Pennsylvania has 
a great deal to say at the present time as to 
what we can do with mine acid water. 

It is only by the action of the mine acid 
water that some of the domestic sewage is 
dumped into the stream drainage system 
without any treatment whatever. That is 
all right as far as we are concerned, but 
somebody 50 or 100 miles downstream in- 
herits the problem. 

As long as the acid mine water is present 
the action of the bacteria is held in abey- 
ance. As soon as the streams are diluted 
and travel far enough to permit putrefac- 
tion there are great islands of material 
made light by the gasification caused by 
the action of the bacteria under the stream 
which lifts these islands to the surface, thus 
releasing their gases. Then they subside 
once more. 

Anyone who has lived in Philadelphia 
and knows the condition of the Schuykill 
and the Delaware rivers at times has a 
wholesome appreciation of the matter. In 
our efforts to solve this problem of acid 
mine water—and it is a problem of great 
magnitude—with thousands of gallons a 
minute being pumped out, we often are told 
to “flocculate it and separate it out.” 

If we flocculate everything we would still 
have the material to handle and the 
quantity runs into tons. There is no market 
for it. Once we thought of making paint out 
of it. Based on our studies we could make 
enough of that material for paint in about 
a week to last the paint industry for three 
years. 

In our effort to eliminate the mine acid 
water we have carried on work at the 
Bureau of Mines, at the Mellon Institute, 
and also at West Virginia University. 

It was at West Virginia University, 
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through the work of Hinkle and Koehler, 
that we stumbled on this possibility of an 
actual microorganism that is at work 
creating the mine acid water problem. 

It may seem a rather restricted work that 
has been carried on, but the potentialities 
of it are vast. The work done at the Mellon 
Institute and the Bureau of Mines through 
its association with Bituminous Coal Re- 
search, Inc., is moving ahead deliberately, 
and I may say that in the last month we 
have made arrangements for the Mellon 
Institute to take samples every week from 
two different mines in Pennsylvania, one 
in the Pittsburgh seam and the other in 
Upper Freeport. 

That work is yielding some rather en- 
lightening information which we never 
even considered. For instance, we have 
found out that as far as the acidity is con- 


cerned the pH value does not mean as_ 


much as we thought. We have to take that 
with a certain amount of reservation; and 
it may start subsequent work. 

I have taken quite a bit of time to outline 
the magnitude of this problem. We do ob- 


tain a measure of control by sealing some — 


of the mines, but a lot of the mines have 
been abandoned and the owners cannot be 
found. Those aspects are all being looked 
into by the Mellon Institute. Possibly Dr. 
Maize may have something to add to it. 


R. MaizE*—I am a member of the Sani- 
tary Water Board of the State of Pennsyl- 
vania. The Sanitary Water Board is mak- 
ing studies of all stream pollution, including 
industrial waste and acid mine water. 

We have also notified the coal operators 
to keep the silt from the washeries out of 
the streams. 

We are presently concentrating our 
efforts on the Schuylkill River where it is 
estimated there are 55 million tons of silt to 
be removed in order to put the river in such 
condition that it will be suitable for do- 
mestic use and recreational purposes. 


* Pennsylvania Department of Mines. 
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The coal companies in the anthracite 
region are spending a great deal of money 
to desilt the water from their mines before 
it is discharged into the rivers. 

We are carrying on a very extensive pro- 
gram of mine sealing under the direction 
of the Department of Mines. 

Our program is to seal all the mines in 
Pennsylvania which were abandoned prior 
to the passage of the Act; all mines aban- 
doned after the passage of the Act, which 
became effective in September of 1947, will 
be sealed by the operators. The sealing, 
however, is to be done under the supervi- 
sion of the Department of Mines. 

In that way we will reduce the acid mine 
water flowing from mines that are now 
active. 

There are thousands of mines in Pennsyl- 
vania which have to be sealed, and we are 
sealing them by authority of Act No. 490, 
passed in 1947. 

I am not in a position to discuss the tech- 
nical aspects of this program and the paper 
that was just read, but I am very much 
interested in getting the publications from 
the University of West Virginia because 
they are a great help to me in my studies of 
this problem. 

One of our problems in sealing aban- 
doned mines is the fact that we will go into 
an area where there are a lot of abandoned 
mines, but some operating mine has cut in 
or is adjacent to one of the abandoned 
mines. ; 

Our aim is to seal those abandoned mines 
in that area. Then, as the operating mines 


are abandoned they will be sealed, and 


“a 
“fj 


when the coal is worked out of that section 
we will eventually have the entire area 


sealed. 


We are considering experimenting with 


the sealing portions of some presently 


- operating mines. The Pittsburgh Coal Co. 


said that they would be willing to experi- 


_ ment by working sections or a panel in the 


} 
3 


: 


mine; after it has been worked out, they 


will seal that area in order. to ascertain 
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whether the acid content coming from an 
operating mine could be reduced. 

Of course that is a difficult problem with 
our method of mining. I understand that 
in Illinois they work their mines on the 
panel method, and when a panel is worked 
out they seal it. With this method of min- 
ing a large percentage of the coal is lost. 

We have a method of mining in which 
we extract our pillars and whole areas are 
as one abandoned connecting gob; in those 
cases it is impossible to do any sealing in 
the mines until after the mines have been 
abandoned. 

This briefly outlines our plans and 
problem. We are getting some results even 
in the short time we have been working 
under the new law. 

The problem is such.a gigantic one that 
it will take us many years to seal up the 
abandoned mines in Pennsylvania. 


R. D. Hatt*—For many years, I have 
studied the effect of microorganisms on 
the acidification of mine water, not with 
test tubes, or any like means, but by read- 
ing about, and mulling over, the subject. 
I have urged that if mine water is to be kept 
free of acid, the level of the water be kept 
as uniform as possible. If the water is al- 
lowed to rise, it reaches and dissolves the 
iron sulphates which have been formed by 
oxidation of the pyrite in the coal, fire clay 
or shales either by bacterial or inorganic 
action. 

No iron sulphate can be formed under 
the water, for not enough air is present to 
permit such action, but certain oxidizing 
bacteria change the iron sulphates to 
microscopic iron sulphides, and these sul- 
phides fall to the bottom of the water and 
coat the mine floor. As soon as the water 
falls low enough to expose these fine crys- 
tals of sulphide, they are oxidized and 
become sulphates, and the water dissolving 
them becomes extremely acid. 


* Forest Hills, L. I., N. Y. 
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This is what happens when a deep sump 
or even a shallower swag is divested of its 
water. Much corrosion occurs in pumps 
whenever such water is removed, though 
prior to the lowering of the water level, the 
water may not be unduly acid. Rapid de- 
watering may. partly avoid this effect, 
for the iron sulphide may not change to 
iron sulphate fast enough to dissolve in 
the receding waters; but that has to be 
demonstrated. 

In: mines that produce a high-sulphur 
coal and have stood for some time, acid 
accumulations can be noted on the tops of 
the gobs at the sides of the roads. These 
sulphates are ready to dissolve as soon as 
the water reaches them. The rapid lowering 
of water is not as harmful as the raising of 
the water level, because the iron sulphide 
thus exposed may still be a sulphide when 
the water recedes and as it forms a sulphate 
only later, it may not be dissolved. 

Perhaps the reason why the water from 
some mines, as those near Freeport, Pa., is 
‘alkaline is because the water entering such 
mines is sufficiently alkaline to inhibit the 
growth, proliferation and even the life of 
the microorganisms that turn the pyrite 
into iron sulphide. Bacteria, as is well 
known, are inhibited by an alkaline milieu. 
It.is a very difficult matter to alkalinize all 
the water that may perhaps eventually 
enter a mine, but not so difficult to alka- 
linize the milieu of the pyrite exposed in 
the interior surfaces of the mine. Limestone 
rock dusting already does that, at least in 
part. Perhaps the rock dusting of gobs, and 
even of already wet swags, with limestone 
dust might prevent the formation of sul- 
phates and at the same time, immunize the 
mines from coal-dust explosions though 
dust thrown on wet places will not serve 
for the latter purpose. Perhaps without 
knowing it, mine managements are already 
in a large degree circumventing much 
acidification. 

It may be that what we need is automatic 
pumping with pumps that start whenever 
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the water rises and do not attempt to re- 
move the last drop. Intermittent pumping 
may save labor, load factor and, with large 


= 


c 
« 


pumps, pump capacity, but it makes for 


intermittent service, the flooding of places 
and the formation of acid water and conse- 
quent corrosion. However, automaticity 
itself is not easily solved, and a lessened 
use of low-rate night current also may 
result. 


W. R. CHEDSEY*—As a method of at- 
tacking this general problem there is the 
possibility of stopping the infecting micro- 


organism. What brings this to mind par-— 


ticularly is a sudden recollection of some 
20 or 25 years ago when Homer Turner, 
who is now dead, was at Lehigh University. 
He startled many of us by claiming to have 
found living bacteria in the heart of new 
coal; his procedure was such that there 
seemed to be no possibility of infection in 
handling after breaking the coal in the 
mine. That is, as though those were bac- 
teria of the coal age, but still active. I was 
unable to get here early enough to hear the 
first part of the paper. Have you any infor- 
mation as to where this microorganism 
originates ? 


W. A. Koruter (authors’ reply)—We 
do not have any such information at the 
present ‘time, but Mr. Hinkle had raised 
the question as to whether that might not 
be a possibile source of these bacteria. 

Meantime I would like to say something 
good for acid mine drainage. It seems that 
nothing is all bad. Some of the cities along 
the Ohio River get their city water from the 
river, and their system of treatment is de- 
pendent upon the acidity of the water 
caused by the mine drainage. 

Some 15 years ago when the government 
started the program of mine sealing, and 
the acidity of the Ohio River was reduced, 


these cities could no longer purify their — 


water by their usual method; the result was 
that the cities had to obtain waste pickle 


* University of Illinois. 
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3 liquor from the steel mills and dump it into 


the water. 


A. C. FIreELDNER*—The authors of this 
paper are to be congratulated on having 
made a new contribution on the mechanism 
of acid formation in coal mine water. 

Bituminous Coal Research, Inc. de- 
serves much credit for sponsoring funda- 


‘mental research on a broad front by several 


different agencies. Different points of view 


‘are thus brought to bear on the problem 


and original contributions are likely to 
result from the work. This paper is an 
original contribution to our knowledge of 
the mechanism of acid formation at the 


~ source in coal mines. 


We need to know more of the mechanism 
of acid formation in mines and in the 
further chemical changes that take place 
after the water issues from the mines and 
flows into streams. Dr. Maize has called 
attention to the sealing off of abandoned 
portions of coal mines. This is very impor- 


‘tant from the practical point of view. The 


engineer needs the results of fundamental 
research as a foundation for developing 
practical measures for reducing acid effluent 
from coal mines. He needs more knowledge 
of how to deal with the acid mine water 
problem at its very source. Such additional 
information will add to the progress already 
made in keeping water out of the mine or, 
where possible, in keeping abandoned 


mines sealed and thus preventing oxidation 


of pyrite and reducing the amount of acid 
discharged in the effluent from the mine. 


H. J. Rosr—I would like to continue 
with Dr. Fieldner’s theme. The objective 


of the coal industry and the governor’s 
sanitary board is the same, namely, to find 


a practical method of controlling the mine 
water problem; and in order to control it 
and prevent the acid mine drainage from 
forming, it seemed necessary to find out 


3 how it is formed. For a long time certain 


chemical explanations have been assumed 


*U.S. Bureau of Mines. 
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to apply and they undoubtedly do apply 
to some extent. However, as research 
workers began to collect information sys- 
tematically and to check the theories 
against the facts, there were many things 
that seemed to be partly contradictory and 
which the ordinary assumption did not 
explain adequately. That is why Bitumi- 
nous Coal Research, Inc. felt that it was 
necessary tO sponsor research on the 
subject. 

As has been mentioned, we are sponsor- 
ing research at two places. At the Pitts- 
burgh Station of the U. S. Bureau of Mines 
they are working on the chemical engineer- 
ing approach as to how the objectionable 
compounds get in mine water. At West 
Virginia University, predominant atten- 
tion has been given to the biological factors, 
and this study has already added to our 
knowledge. 

The two main problems that are being 
considered, aside from the control itself, are 
as follows: First, how do these objectionable 
mineral constituents get in the water? That 
is, by what mechanisms do the solid min- 
erals in the coal and associated strata 
change from an insoluble condition to 
water-soluble forms? Both the U. S. 
Bureau of Mines and West Virginia Uni- 
versity project are working on that. 

The second question is, what is the 
mechanism by which the relatively color- 
less mine waters containing dissolved 
ferrous iron compounds change to the 
highly colored ferric iron compounds with 
the liberation of additional acid? 

There is no question in my mind but that 
the authors of the paper have shown con- 
clusively that. microorganisms play a part 
in the change of the nearly colorless ferrous 
iron solution to the colored ferric iron 
precipitate. 

In further work, the authors will attack 
the problem as to how the material gets 
into solution in the first place. They expect 
that the biological method of attack will 
throw light on this subject. 
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We have to find a practical method of 
preventing or limiting the production of 
the soluble compounds in the water in the 
first place. As Mr. Hebley said, every 
chemical engineer who has investigated the 
problem thoroughly has agreed that it is 
impractical to treat acid mine water 
chemically. Many have tried that and all 
agree that the cost is prohibitive. 

The authors would appreciate any com- 
ments from chemists or mining men as to 
practical observations that have been 
made with regard to conditions in the 
mine which seem to favor the formation of 
acid mine water. 

It has usually been assumed that the 
presence of a large amount of atmospheric 
air favors the original formation of acid 
mine water. Some observations that the 
authors have made indicate that perhaps 
the strongest formation of soluble salts is 
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in areas where the oxygen is reduced, that — 


is, in the worked. out inactive areas where 
there is only a small percentage of oxygen. 
In places with the best ventilation and the 
most air there appears to be little or no 
acid formed. The paper mentions that 
poorly ventilated conditions may be favor- 
able to sulphur bacteria. 

One conclusion to be drawn from the 
work to date is that we need to have more 
facts before suggesting a practical solution 
to the acid-mine-drainage problem. 


W. A. KoEHLER—This work, as we see 
it, has three stages: 1. What causes the 
formation of the acid? 2. What can we do 


to destroy or nullify the acid or to stop its - 


formation? 3. If we can not do that, can 
we turn it to some good instead of letting 
it do harm? We are still just scratching the 
surface of the first part of this program. 
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By Davip R. Mircuett,* J. H. Kettey,t Ricwarp L. Asu,t J. D. Morcan, Jr.t, W. H. 
MCCRACKEN,{ AND WILLIAM BELLANO,t MemBrers AIME 


(Philadelphia Meeting, October 1946) 


RUBBER-TIRED shuttle cars are finding 
increased use as gathering units in under- 
_ ground mines. As the name implies, they 
shuttle back and forth between the loading 
machine and the section transportation 
system. In many mines their use has in- 
creased the efficiency of the loading and 
_ gathering operations, resulting in increased 
output per man employed and decreased 
costs per ton. A car motivated by cable 
reel is shown in Fig 1, and a car with 
battery power in Fig 2. 
A brief chronological account of the 
development of rubber-tired haulage equip- 
ment follows: 


1936. J. H. Fletcher! installed his first unit 
for the Blue Bird Coal Co., Carrier Mills, 
Illinois. This unit consisted of a battery- 
powered industrial tractor and a trailer with 
drop-bottom doors. The coal was transported 
for short distances to a hopper for discharge 

into mine cars. 

1938. A battery-powered self-contained shut- 
tle car with rubber-tired wheels was built 

by the Joy Manufacturing Co. Two units 
were installed for the Katherine Coal Co., 
Lumberport, West Virginia. The shuttle car 
consisted of a materials-receiving body with 
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a conveyor in the bottom to move the coal 
forward during loading and to unload the 
coal at the discharge station. 

1938. A cable-powered shuttle car with 
four-wheel drive and four-wheel steer was 
developed by A. L. Lee. Special wheels mounted 
on king pins on the car permitted all four 
wheels to be steered. The cable reel was driven 
by a torque motor to give the cable proper 
tension during the payout and uniform 
tension when rewound on the reel. 

1940. A Joy shuttle car equipped with 
trolley poles and a cable reel was developed to 
operate on a double trolley-wire system.? This 
unit was installed at a potash mine of the 
International Minerals and Chemicals Corpora- 
tion at Carlsbad, New Mexico. It is believed 
to have been the first installation of its kind, 
and the first of shuttle cars for handling 
material other than coal. 

1941. Truck haulage’ was introduced in the 
Tri State District by the Eagle-Picher Mining 
and Smelting Company. Storage battery elec- 
tric trucks were rebuilt to handle a bottom- 
dump trailer. 

1941—Joy shuttle cars were installed in a 
mine of the United States Gypsum Company, 
Oakfield, New York. 

1943—Joy shuttle cars were installed in 
several bauxite mines.*® 

1945—Joy shuttle cars installed in a lime- 


stone mine. cw 


Because of the nature of bituminous coal 
beds trackless equipment has had _ its 
greatest application in bituminous coal 
mining. Usually a shuttle car is filled by a 
continuous type of loader. In Fig 3 is 
shown a continuous machine loading coal 
into a battery-powered shuttle car, 48-in. 
coal. However, intermittent types of load- 
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Fic 1—5SC CABLE-REEL SHUTTLE CAR, ADJUSTABLE ELEVATED DISCHARGE, HYDRAULIC STEERING. 
(Courtesy Joy Manufacturing Co.) 


Mi 


Fic 2—Joy 5SC BATTERY SHUTTLE CAR. 


Fic 3—JOy LOADER AND SHUTTLE CAR, 48-INCH COAL, 
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ing machines can be used. No special 
equipment is required for shuttle cars to 
discharge onto conveyors. For discharging 
into mine cars an elevated discharge, an 
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tery-changing and charging stations, as 
shown in Fig 5. 

Although used primarily for gathering, 
the shuttle car is sometimes used as part 


Fic 4—Joy PLrr-7R ELEVATING CONVEYOR. 
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Fic 5—BATTERY-CHARGING ROOM SHOWING EQUIPMENT, ARRANGEMENT AND TIMBERING. 


elevating conveyor (Fig 4), or a ramp is 
required. Cable-car installations require 
facilities for quickly repairing broken 
cables. Battery-powered cars require bat- 


of the haulage system. At International 
Minerals and Chemicals Corporation pot- 
ash mine the combination trolley-pole, 
cable-reel cars travel distances as much as 
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2500 ft. The shuttle car is especially 
adapted to move material relatively short 
distances where the tonnage to be handled 
is not sufficient to warrant the installation 
of more permanent types of haulage or 
conveyor equipment. The shuttle car has 
been used or may be applied for: (1) 
gathering service in room-and-pillar and 
block systems of mining, (2) transporting 
material from stopes to transfer raises, (3) 
‘storage or waste underground, (4) filling 
of stopes and worked out areas, (5) tunnel 
driving, (6) handling supplies, (7) gathering 
in longwall mines. 


ESSENTIALS FOR SHUTTLE-CAR OPERATION 


The layout and operation of shuttle-car 
sections require a careful consideration of 
many factors. Practice has been developed 
by a method of trial and error on the part 
of most mine operators. A proper layout 
and plan of operation are necessary to 
ensure maximum efficiency and maximum 
production. The use of standard cost 
methods and engineering controls will aid 
in the increase of production and_ the 
reduction of operating expenses. 


Mining Conditions 


Up to the present time shuttle-car 
installations have been made in flat or 
slightly pitching mineral deposits. In all 
cases to date the room-and-pillar or block 
method, or some similar variation, has 
been used. The size and nature of shuttle 
cars limit their use to deposits or to mining 
systems where there is sufficient clearance 
_ to permit maneuvering the cars. 

The physical factors to be considered, 
and comments pertaining thereto when 
considering installing shuttle cars, are: 


1. Hardness and abrasiveness of the mate- 
rial to be mined. 
2. Roof conditions: 
a. Bad roof requires that provision be 
made to bypass uncontrollable areas, 


7 


and that a rigid timbering plan be — 


adopted and followed. 


b, Dimensions of mine openings fre- 


quently are determined by roof con- 
ditions, affecting clearances and size 
of shuttle car that can be used. 


a. A soft, friable bottom is disadvan- 


. Condition of the floor: ¢ 


tageous in shuttle-car operation, and 


time, labor, and materials used in 


maintaining a good roadway in these ~ 


conditions may return dividends in 
the form of increased production. 

b. A hard, dry bottom free of excessive 
grades is ideal. 

c. Roadway construction needs much 


consideration by shuttle-car users. | 


The introduction of a small electric- 
powered dozer may be the answer to 
quick drainage by.ditching, and good, 
inexpensive roadway maintenance. 


. Pitch of the deposit: 


a. Excessive grades are difficult to 
traverse; local pitching is even more 
difficult. 

b. In pitching formations the shuttle-car 
cycle is slowed down and power costs 
go up. Wherever possible rooms and 
working places should be driven up- 
grade, so that travel of the loaded 
shuttle cars is downgrade. 


. Thickness of the deposit: 


a. Thin seams permit -little headroom 
and limit capacities of cars used; 


maneuverability of cars is important. | 


. Presence of gas and dust: 


a. In silica-bearing deposits, dust raised 
by shuttle cars is a physiological 
hazard. In coal mines there is an 
explosion hazard from gas and dust. 


relatively thick bands of bony, rock or 


> 


- Removable impurities: In mines where — 


other impurities can be stowed eco- 


nomically underground, the shuttle car 
can be used to move this material from 
the working faces to worked out areas. 


equipment interfere with 
operation. Cable cars particularly are not 
suited to travel through doors. Where 
two cars with complementary cable reels 


. Ventilation: Doors and other ventilation — 
shuttle-car — 


are used, cable interference occurs at the — 


door and much time is lost by one of 
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the car drivers in opening and closing the 
door. The usual procedure for passing 
through a ventilation door where two 
cable cars are used is shown in Fig 6. 
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capacity-limiting factors upon the size of 
tires and strength of the understructure. 
Thus, because the batteries weigh approxi- 
mately 34 ton more than the cable-reel 


Car A, right-hand drive, proceeding to discharge station, pushes door open and permits it to 
close behind it. On return to face, car loses considerable time. Driver must leave seat to open door, 
then return to car and proceed nearly through opening, stop, and leave his seat a second time’ to 


release latch to close door. 


es a ee 


Car B, left-hand drive, negotiates door with minimum of lost time. Driver need not leave seat 
to fasten or unfasten latch. Door remains open until car returns from discharge station. 
-F1G 6—PROCEDURES OF CABLE-REEL SHUTTLE CARS FOR PASSING THROUGH VENTILATION DOOR. 


_g. Other conditions: On many large-capac- 
ity (5 tons) cable-powered cars, too small 
a cable is being used. This leads to exces- 
sive cable failures and power consump- 
tion; for instance, the widely used No. 6 

. cable has a resistance of o.4 ohm in 600 ft. 
At a normal load of 50 amp, a 20-volt 
drop occurs and 1000 watts of power are 
used in overcoming this resistance. 


The new Federal Safety Code requir- 
_ ing three-conductor cable on rubber-tired 
equipment decreases the length of cable 
_ that can be placed on a reel and also 
increases the problem of cable repairs. 
_ About roo ft less of three-conductor cable 
can be placed on the standard shuttle-car 
reel as compared with two-conductor 
cable. Cables may be flat (parallel) or 
concentric. 
‘Except in the smaller shuttle cars, 
_ present manufacturers’ design bases the 


equipment, the ratings of the large battery 
shuttle cars are about 34 ton less than the 
corresponding cable-reel cars. Actual cubi- 
cal contents may be 7 to 40 pct greater in 
the cable-reel car, allowing it to be over- 
loaded. It has been found that frequently 
coal cars, when used to haul rock or coal 
containing a high percentage of rock, are 
carrying a load too large for the power of 
the motors, the size of the tires, and the 
size of the cable in cable-reel cars. 

The cubical content of the two types of 
cars is the same for the small models, and 
it becomes physically impossible to load 
either type of car, designed for coal, 
above its rated capacity if it is carrying 
coal. If used for hauling rock cars can be 
overloaded. : 

To be successful, a battery-powdered 
shuttle-car operation requires a disciplined 
crew well trained in preventive mainte- 
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TABLE 1—Summation of Conditions. that 
Affect Selection of Shutile-car Type 


ig ORE Favorstie 
ining and Other] to Liste’ 
Conditions Shuttle Remarks 
Car Type 
Roof: badi.cs <ews Battery Freedom of travel— 
not restricted to 
one travel-way 
Bottom: 


Wet and soft... 


Wet and hard.. 
Dry and soft... 
Dry and hard... 
Heaving bottom 
Inclination of 
seam; dis- 
tance between 
synclines and 


Cable 


Either type 
Either type 
Battery 
Battery 


If bad, not favor- 
able to either type 


Advantage of speed 
Freedom of travel 


pitch: 
Over 1000 ft: 
Over 8 pct...| Cable 
Under 8 pct..| Either type 
1000 to 500 ft: 
Over 6 pct. ..} Cable 
Under 6 pct..| Either type 
Less than 500 ft: 
Over 4 pct. ..| Cable 
Under 4 pct..} Either type 


Gas and dust: 


Gassy and dusty] Battery Only type given a 
permissibility rat- 
ing 

No performance ad- 
vantage other than 


safety 


Gassy and non- | Battery 
dusty. 
Nongassy and 
UIST Y.cterikos 
Nongassy and 
nondusty. 
Ventilation equip- 
ment: 
WOOTE ert athe Oe eh 
Brattice cloth. . 


Battery 
Either type 


Cables interfere 
with doors and use 
of right-hand and 
left-hand drive in- 
compatible with 
opening and clos- 
ing 


Battery 
Battery 


Thickness of seam: 
High coal (over 
(oad ymin sO pet Either type 
Either type 
Battery 


Low to less than 
4 ft 


Stowing or gob- 
bing impurities 
underground. 

State or Federal 

laws and reg- 


Maneuverability of 
battery car impor- 
tant 

No restriction on di- 
rection ot travel 


Battery 


ulations: 

Permissibility...| Battery 

Three-conduc- | Battery Limits travel dis- 
tor cable. tance of cable car 


nance and care of batteries. For cable-reel 
operations a crew trained to make quick 
cable repairs and possessing the ingenuity 
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to plan adjustments of travel routes and 
passing points as adverse conditions are 
encountered is necessary. 


Labor 


The number of men in a shuttle-car sec- 
tion depends upon natural conditions, the 


oo ems epiatl 


mining method, and machines employed. — 


Some companies operate a production 
unit with as few men as possible and train 
them to do a number of different tasks. 
Men are seldom idle because of equipment 


breakdowns or other delays, since there is 


always work to be done, such as drilling 
holes, cutting, timbering, cleaning the 
face, cleaning the roadway, and at some 
operations gobbing. Examples are sec. 103 


with 74g men per shift and sec. 071 with © 


8 men per shift (see Table 4). Machine 
efficiency, based on the length of time 
machines are in operation, is usually low, 
and man efficiency is high. The men are 
all given a skilled classification and hence 
receive a high rate of pay. 


Other companies operate shuttle-car 


production units with the idea of providing 


a man for each task. The aim is to keep the - 


machines working a maximum number of 
hours per shift, obtaining a sufficiently 
high production to keep the tons per man- 
shift for the unit at a high level. Machine 
failures or other delays in the production 


cycle cause a number of men to be idle. 


Although mechanized breakdowns are 


costly in man-hours lost, ordinary tasks 


requiring little skill are done by labor at a 


lower wage scale than where a few highly 


paid specialists do all the work in the 
section. Up to 24 men are employed for 
one loading unit (see sec. 131 in Table 
4). : 

In between these two extremes are found 


many arrangements. Cost per ton from the ~ 


7 


production unit is the deciding criterion. — 


Crew size and allocation of specialists 


2 


that work well at one mine are not neces- 


sarily applicable to similar mines. 
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The assignment of a mechanic to a 


-mechanical mining section has met with 


varying success. The section mechanic is 
also expected to lubricate and inspect all 
equipment, aid in changing batteries and 
make on-the-spot repairs. 

Many mines now use a central pool of 
maintenance men from which a man can 
be called to repair a disabled piece of 
equipment. These men work in the central 
repair shop when there is no breakdown in 
the section. The time lost while awaiting 
the arrival of a mechanic is a disadvantage 
of this system. Standby equipment is 
provided in some mines. This procedure 
lessens the immediate need of a mechanic 
in case of breakdowns. 

Mechanical mining equipment, particu- 
larly shuttle cars, requires close supervision 
and control. Changing conditions require 
immediate decisions by a well trained fore- 
man and crew. At many mines where shut- 
tle cars are used, not enough attention is 
given to proper training of drivers. The 
breakdown of equipment or an unexpected 
natural condition can readily stop produc- 


tion, and unless the foreman has presence 
of mind man-hours will be lost. A foreman 


may be assigned two sections that are close 
together. In general, more than two sec- 
tions cannot be supervised efficiently, 
and where natural conditions are bad, one 


section is sufficient. 


“a * 4% 


-SHUTTLE-CAR DESIGN 


Shuttle-car dimensions range somewhat 
as follows: length, 19 to 24 ft; width, 
7 to 744 ft; wheel base, 7}4 to 9 ft; height, 
30 to 61 in.; capacity, 100 to 350 cu 


“ft, level; turning radius, 22 ft. 


Shuttle cars of 1946 model rave cen- 
tralized lubrication, four-wheel drive, and 


four-wheel. steer with two-wheel steer 


; optional. 


Cars are built with a flat bottom, with a 


& fixed elevated discharge, or with an adjust- 


¢ 


+f 


jable elevated discharge. 
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Battery Cars 


Battery-powered cars are equipped with 
two 48-cell lead-acid or nickel-iron storage 
batteries, one on each side of the car. These 
are 96-volt and range from 300 to 400 
amp-hr capacity. Batteries last from 14 to 
1} shifts, depending on their condi- 
tion, and care expended in maintenance. 
Battery abuses, such as wasting power, 
improper charging, and overdischarging, 
are common, and seriously affect battery 
life and performance. 

Discharging batteries below the recom- 
mended minimum of 1.130 sp gr tends to 
build up positive and negative coatings on 
both plates of the cells. These coatings 
destroy the use of the portion of the plate 
they cover, and since it is of a permanent 
nature, the capacity of the battery is 
lessened considerably over a period of 
continued abuse. 

The most recent innovation to the 
battery-car design is the series-parallel con- 
trol, which eliminates the use of power- 
wasting resistances and permits the motors 
to develop greater torque when in series. 
Battery cars as now designed have manual 
steering. 

The principal advantages of the battery 
shuttle car are its flexibility, greater speed, 
maneuverability, and permissibility. On 
account of its flexibility it is particularly 
adapted to handle waste and supplies; to 
bypass bad areas without serious loss of 
time; permit arranging standby positions 
close to the working face, thereby decreas- 
ing change-car time; to pass the other car 
and other equipment without cable en- 
tanglements; and to be operated without 
fear of cable blowouts. Its disadvantages 
are: charging stations are required, man- 
hours used for battery changing, and bat- 
tery dead weight. 


_ Cable-reel Cars 
Cable-reel cars generally operate on 


_250-volt de current supplied through 


No. 6 or No. 4, two-conductor or three- 
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conductor cable, connected to a 250,000 
CM feeder or 4/o trolley wire. Cars can 
be equipped to operate on 500-volt 
current. 

Cable-reel cars are equipped with hy- 
draulic steering devices. 

Recently a universal cable feeding 
device on the cable reel has improved the 
operation of this part of the machine. It 
permits the cable to trail in either direction, 
so that cable anchor points need not be 
placed near the discharge station. 

Cable-reel car advantages are: less 
auxiliary equipment, no batteries to main- 
tain, greater capacity of cars over 35 in. 
high, and a minimum of dead weight. Dis- 
advantages are: decreased flexibility, man- 
hours and production lost by cable failures, 
and fire and ignition hazard from cable 
blowouts. 


Operating Failures and Needed 
Improvements 


Mechanical failures range from speed 
reducers to controller contactors. Manu- 
facturers and mine personnel are constantly 
improving the design. Some of the most 
pressing needs for improved design are: 

1. Larger size tires: (a) for better 
buoyancy in mud and water, (6) for better 
absorption of shock from rough roadways 
and quick stops. 

2. The development of a device that 
will cut off the battery from the circuit, or 
display or sound some visual or audible 
signal when the batteries become dis- 
charged to a certain level. This would 
assist in enforcement of preventive mainte- 
nance of batteries. 

3. Improvement of shuttle-car operator’s 
comfort by better design of seats and 
addition of safety devices. 

4. Redesign of cable, cable reel, cable- 
splicing equipment, and cable anchorages. 
Sluggish reels permit loose cable to accumu- 
late on the floor, aggravating the whipping 
action when the car passes the anchor 
point and causing cable failures and pulled- 
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e 


out anchors. Frequently the cable pulls 
apart at former splices when Splice clamps, 


are used on flat cable. Most splicing is 
hasty and elementary. The splicer usually 


‘ 


2 


cuts a few of the copper strands while he is 


cutting off insulation, and the resulting 
splice becomes a point for overheating, 
sparking, and blowouts. It is likely that 
in the future three-conductor cable will be 
required in underground coal mines. In 
view of this, it is believed.that the center 
wire could be strongly reenforced to give 
added strength and not greatly increase 
the bulk of the cable. Cable anchorages 
could be equipped with a spring attach- 
ment to absorb shocks. 

Much improvement can be made on 
the feed of the cable reel, so that. it will 
allow the cable to trail in three directions 
without friction—forward, rearward on 
one side of the reel, and rearward on the 
opposite side of the reel. Lack of this 
feature shortens the life of the cable, owing 
to frequent switching and the cables being 
run over by the shuttle car. Added to this 
feature could be a cable cleaner at the feed 
end to prevent dirt and mud from getting 
into the reel. This is particularly important 
where the bottom is soft and wet. 


TABLE 2—Cable Failures 


Total Number | Time 

Month Shuttle-car | ot Cable | Loss, 
Shifts Splices Min 

NOV. 7k OdSrnreeniceis 71 54 1,350 
Desi 104s «tiene 80 22 550 
ae TOAGsics simu sx 104 83 2,075 
OD: TOADS wade w cele 92 93 2,325 


Average time loss per splice, 25 minutes, 


Cable failures frequently are a cause of 
serious production loss. The record of 


’ failures and time loss at one mine operating 


a single cable car behind the loading 
machine in a production unit is given in 
Table 2. This is not average, neither is it 
uncommon. At another mine few cable 
failures occurred when one car was used 


. 


¢ 


, 
a 
. 


a 
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but when two cars were used failures 
increased to an average of one every three 
shifts. Average time lost’ per splice in this 
mine was 28 min. 

The significance of the cable blowout is 
sometimes misinterpreted in terms of time 
lost only, but this time cannot be com- 
pared with battery change time because 
like a roof fall, it is unpredictable. When a 
cable blowout occurs, the shuttle car is 
usually in a position where its disability 
disrupts the other shuttle car and the load- 
ing operation ceases. Often the cable 
_ breaks circuit without a blowout or other 
visual sign on the length of cable, and time 
is lost in finding the cable failure. Battery 
failures usually can be predicted and bat- 
tery changes can be arranged so that little 
or no time is lost in breaking the production 
cycle. In some mines where batteries are 
changed during the shift, a shuttle car 
will change its batteries while the loading 
machine changes working place, and any 
gap will be assimilated by the other shuttle 
car. Several mines use the beginning or 
end of the shift for battery change. 

The greatest hindrance to the use of 
_ shuttle cars is the inability to operate them 
in the soft and muddy bottom found in 

many mines. The design or development of 
some easily laid, economical roadway 
material might make it possible to use 
shuttle cars where the bottom is bad. Sug- 
gested materials that could be tried are: 
- (1) asphalt matting, (2) pierced steel plank- 
‘ing, (3) corduroy, and (4) timber-planked 
roadways. The last three have been used 
in some mines. Pierced ‘steel plank like 
that used by the Army Air Forces proved 
unsuccessful at one mine. 


CONTROL OF SHUTTLE-CAR PRODUCTION 
UNITS 

_ The mere installation of shuttle cars 

-and their accessories does not in itself 

assure high productivity. Engineering 

planning and control are necessary to 

keep machines at a high level of perform- 
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ance. Deficiencies are best determined by 
time and method studies. 


Time and M ethod Studies 


Time studies are used to determine 
weaknesses in the production cycle. 
Method studies as applied in mining are 
used to determine the best procedure for 
routing and working machines to achieve 
maximum production. Judicious use of 
these two engineering tools provides 
factual data for improving operations. 

Simultaneously with time studies, 
method studies should be made. These 
should include section layouts showing 
travel routes, passing and standby points, 
grades, distances, equipment locations, 
timbering, location of battery-changing and 
charging stations, and location of the main 
transportation system. 

Other relevant information necessary 
for a complete analysis of the conditions 
and interpretation of results is a tabulation 
of kind and size of machines, personnel, and 
natural conditions 


TABLE 3—Legend of Time-study pyre 


SYMBOL 


MEANING 
Traveling empty 
Loading time 
Traveling loaded 
Discharging 
Waiting for other car(s) 
Waiting for other equipment 
Handling supplies 
. Delays while loading 
Delays due to mechanical reasons 
Delays due to natural conditions 
Delays at discharge station 
Delays from no preparation 
. Delays due to all other reasons 
Delays from loader place change 


Strategic placement of time-study men 
is necessary. Where there is sufficient 
height, one man can be assigned to a 
machine and follow it. Low headroom or 
long distances require the placement of a 
man at the face, one at the discharge 
station, and possibly one at such points of 
interference as passing stations. Usually 
two men suffice. The man at the face 
times specific operations of the loading 
machine and shuttle cars to which each 
time element applies. The man at the 
discharge station takes times applicable 
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only to the shuttle cars. Where more than for each separate maneuver and operation 
one time-study man is used, watches must is determined. These times are then 
be carefully synchronized. Time studies grouped into related items on a place or 
should be made during several shifts to shift basis. For example, shuttle-car total 
avoid making erroneous conclusions result- trip time is composed of time attributed to 
ing from abnormal conditions likely to productive effort, traveling empty and 
occur on any one shift. loaded, plus loading and discharging. All 
The time consumed by each machine other times can be grouped into similar 


“TABLE 4—Comparison of 


7 
1 | Section number.......... 322 o7I 
2 | Deposit type.............] Potash$ |‘ Bauxite | Bauxite’ | Gypsum?7| Salt8 | Limestone Coal 
3 | Natural conditions....... Good Good Bad Good Good « Good Med 
Avil; Seatn- height 5. siete oes 72 in. 84 in. 6 to 30ft. 14 ft. T2'ft; 14 ft. roo in. 
Bol A yper Of WODiGswine sels mired oie Co ue R&P R&P R&P Room Room Entry 
Equipment: , 
6 | Type shuttle:car......... 42Do9 42D11P | 42Er11P 42Do 42Do 60E3 Cable 
7 | Type loading machine....| 11 Bu | 11’Bush | 11 Bush Ir Bu Ir Bu 11 Bu 8 Bu 
8 | Type discharge station....| El.con. | . Belt Belt Raise El. con. Ramp Ramp 
9 | Car-spotting method Loco Belt Belt Hoist Loco Hoist 
10 | Rated capacity, S C., ton. 8 5 5 Io 8 12 7 
11 | Rated capacity, L. M., 
tONS: DET PING ees bee cet 4 i 4 5 4 6 14 
12 | Number shuttle cars...... 2 ae ye 2 I a 2 I 
13 | Number loading machines. I ex ns I I I t 
14 | Number cutting machines. 2 I : I 
Labor: . 
ts Loading and transporta- 
CON Aa de arte ocd be yp aie 4 6 2 4 6 2 
16 | Cutting, drilling, and 
blasting ety asin Rote 9 3 3 5 18 4 
17 | Supervision and mainte- 
NANCE ee mee ertise 2 3 I I 2 
18 | Miscellaneous............ 4 I fe) 2 2 
19 ' Total labor BO aie 35 15 7 12 25 8 
Performance: 8 . 
20 | Maximum haul, ft........ 300 800 800 1000 750 500 470 
21 | Minimum haul, ft........ 50 100 70 500 100 100 100 
a3 Avg. tons per shift...... if 600 200 150 350 500 640 140 
Mine-car capacity, tons. 8 aun 
ae Avg. tons per man-shift. . 31.5 40.0 10.0 50.0 41.7 25.6 L725 
t | Section number.......... 243 421 232 234 23 IIr 260 
a. | Deposit. t¥pev snare oe Coal Coal Coal Coal Coal Coal Coal 
3 | Natural conditions....... Bad Good Bad Bad Bad * Med Med 
4 | Seam height............. 68 in. 66 in. 64 in. 64 in. 64 in. 64 in. 0 in. 
BLY DO Of WOCk, vro% cals whine Entry Entry R&P R&P R&P R&P oom 
Equipment: j 
5SC7XE I-35D 
6 | Type shuttle car......... 32D 5SC7E 6SE I-6SCE 42D 28C2D 42D6 
7 | Type loading machine....}] 14 BU 11 BU 14 BU 14 BUs 14 BU 8 BU 14 BU 
8 | Type discharge station....] El. con. | El. con. | El. con. | El. con. | El. con. Ramp El. con, |) 
9 | Car- epee Eger BR Hoist Loco Loco Hoist Hoist Loco Hoist @ 
10 | Rated capacity, S. C., ton, 3 5 34 34 5 3% 6 
11 | Rated capacity, L. M., : 
: TONS DEN Misi. ace ee 4. 5 ‘ 
12.| Number shuttle cars...... 3 “ : i : 
13 | Number loading machines. I I I I i I I I 
14 | Number cutting machines. I I I I I I I 
Labor: 
15: leading and transporta- 
jfas Cape Agha + eh pane 
16 Sep ting, drilling, and : ; : : 5 
Peat ab adran ae eae a 4 
17 | Supervision and mainte- P . “3 4 4 574 
MAU ATIGE Ss a ofa Saale aeithane 2 6 2 
18 baci bara Ct vied oeih I 4 374 374 2 ap 
19 OAL 1aBOr i Ate & dyeetis bale 12 18 II II 
Sea set seated * 4 tris = 1574 : 
20 aximum haul, ft........ 850 850 380 
21 | Minimum haul, ft........ 70 150 100 ae te ae et : 
22 | Avg. tons per shift....... 719 385 125 175 I50 230 400 


23 | Mine-car capacity, tons... 8.75 2.75 2.5 2.5 a5 ‘ 
‘24 | Avg. tons per man-shift.. 6.6 21.4 II.0 15.2 sae fe " ao 
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categories; such as delays due to natural 
conditions, delays due to failure of mechan- 
ical equipment, and delays occurring at 
the discharge station (Table 3) 


Case Studies 


Studies are given of five production 
units utilizing: (1) single-battery car, (2) 


Shuttle-car Sections 
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a single cable-reel car, (3) a combination of 
one battery car and one cable-reel car, (4) 
two cable-reel cars, and (5) two battery - 
cars. In Fig 7 a representative time study 
is given of each one of these production 
units. Details as to equipment, labor and 
performance in these sections are given in 
Table 4. The legend of symbols used on 


072 I31 Ior 102 103 092 OOI 241 242 
Coal Coal Coal Coal Coal Coal Coal Coal Coal 
Med Med Bad Bad Bad Med Med Med Good 
100 in. 96 in. 72 in 72 in 72 in, 72 in 72 in 68 in 68 in. 
Pillar Pillar Room Room Entry Entry Room Room Room 
42E 5SC-2PD 42D6 42D5 42E5 42Do9 42E 32D seek 
32 
8 Bu Ir Bu 7 Bu 7 Bu 7 Bu 14 Bu 14 Bu Ir Bu 14 Bu 
Ramp El. con. El. con. El. con El. con Belt Belt Ramp Ramp 
-Loco Hoist Hoist Hoist Hoist Belt Belt Hoist Hoist 
6 5 6 5 5 434 6 3 3 
1} 4 2 2 2 5 5 4 5 
I 2 2 2 ei 2 2 5 4 
I I I fi I I I I I 
I I I I I I I I I 
3 5 5 5 3 4 4 6 4 
246 5 4 4 4 4 4 4 4 
14 10 3 3 4 43% 438 2 I 
4 I I 24 I 
7 24 13 13 744 12}6 12) 14} 10 
360 750 520 425 400 I100 400 930 900 
100 450 I50 100 75 100 100 100 100 
165 450 360 325 160 275 325 230 I55 
Bes Cite | 6 6 6 8.75 8.75 
23.6 Too 23 7 25.0 2453 22.0 26.0 TE D565 
052 IOI 193 192 O21 761 153 152 
Coal Coal Coal Coal Coal Coal Coal Coal Coal 
Med Med Good Good Good Bad Good Good Good 
i in in 43 in. 43 in 42 in 42 in 39 in. 39 in. 
Rocm ane Boley Pillar Room Room Entry Entry re & 
-3XE | 6SC-3XE| 35D-9P | 35D-oP | 35D-oP 32D 32D-0P | Cable Cable 
yy Ba I4 oa 14 Bu 14 Bu 14 Bu 14 Bu 14 Bu 14 Bu 14 Bu 
Ramp Ramp Belt Ramp El. con El. con El. con Direct Belt 
Belt Belt Belt Hoist Hoist Hoist Hoist Hoist 
34% 334 3 3 3 3 3 3 3 
5 5 5 5 a} 5 5 
: : 2 2 4 I 2 I 2 
I I I I 2 I I I I 
I I I I 3 I I I I 
2 2 4 4 9 4 5 2 4 
4 4 4 6 4 4 4 4 
134 34 I aay 214 3 2 2 2 
I I I I 
816 72% 9 7346 1814 12 Ir 8 II 
(0) 460 800 870 600 350 350 
te ae 100 100 100 100 60 60 
165 130 * 550 100 500 IIo 175 120 220 
peat eat 3.2 ae 2.0 2.0 3.0 3.0 
20.2 16.9 16.7 ions 27.0 9.2 I5.9 I5.0 20.0 
° 
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section layouts and other sketches is shown 
in Fig 8. 

Section 021. One Battery-type Shuttle 
Car per Loading Unit—The section layout 
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The discharge station placed alongside the 
conveyor obviously tended to cause the 
left entry to be favored, and necessitated 
an uneven advance. The change in location 
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is given in Fig 9. Roof and floor conditions 
are extremely bad, necessitating erratic 
mining. The coal height is 42 in. The 
method of travel for the shuttle car to two 
different working faces is shown in Fig 
to. Rooms and entries are driven 15 ft 
wide, which with timbering permits little 
clearance for the shuttle car. For the shift 
studied considerable time was lost through 
delays at the discharge station, primarily 
because of no mine cars. Of the cases given 
in Fig 7, this section was the only one 
requiring more time for traveling loaded 
than empty. This was due to poor travel 
ways. Despite excellent supervision, delays 
due to all other reasons (DO) are high, 


attributed to obsolescent auxiliary equip- 


ment and adverse natural conditions. 
Adverse travel-way conditions accounted 
for the large percentage of time lost during 
place changing (PC). 

Section 052. One Cable-reel Shuttle Car 
per Loading Unit.—This operation is an 
example of entry driving in low coal (44 


in.). A section layout is given in Fig 11. 


indicated in Fig 11 and shown in Fig 12 
corrects this deficiency. Relocating the 
discharge station considerably improved 
the efficiency. 

Poor face preparation caused an exces- 
sive amount of time to be used for loading. 
Travel times were low. The largest single 
delay occurred at the discharge station 
(DS), resulting from the lack of mine cars 
at the discharge of the belt conveyor. 
Delays because of equipment failure 
(DM) absorbed much time, the longest of 
which was a cable blowout requiring 27 
min to splice. Other time losses were low. 

Section 234. Two Shuttle Cars per Load- 
ing Unit, One Cable-reel and One Battery 
Car.—Only 90 pct of the average tonnage 
was produced during the shift studied. 
The coal height is 64 in. The section layout 
is given in Fig 13 and method of passing 
diagrams in Fig 14a and b. The time-study 
data apply to only the cable-reel shuttle 
car. 

The largest single type of delay occurred 
because of mechanical failures (DM) 
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accounting for almost one hour of total 
shift time. This resulted from a combina- 
tion of one cable blowout and a breakdown 
of the loading machine while changing to 


another place. The time lost because of 
natural conditions (DN) was caused by 
poor travel ways. a 

The time loss resulting from waiting 
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could be lowered considerably by using 
hangers when loading out entry pillars 
as shown by Fig 140, and in Fig 14a when 
loading in rooms 27 and 28. Use of hangers 
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would make possible the placement of 
standby positions nearer places of loading 
and prevent the battery-powered, car from 
running over the cable of the cable-reel 
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car. Moving the discharge station to the of entry driving in 43-in. coal. The section 


left main entry would reduce distances 


and eliminate considerable maneuvering. 


Section 232. Two Cable-reel Shuttle Cars 
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layout and methods of passing are given 
in Fig 17, 18a and- 186, respectively. The 


largest delays are waiting for the other 
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Fic 12—ENTRY DRIVING, SINGLE CABLE-REEL SHUTTLE CAR METHOD OF TRAVEL, SECTION No. 052. 


per Loading Unit.—The section layout for 
this room-and-pillar operation is given in 
Fig 15. Two cable-reel cars are being used 
in 64-in. coal. One car has left-hand drive; 
the other has right-hand. Methods! of 
passing are given in Fig 16. 

The time study applies to the right- 
hand drive car. Production was normal. 
Considerable time was lost waiting for 
left-hand drive car to be loaded. (WO). 
Waiting time could be reduced when loader 
is in room 35 by having right-hand car 
standby in a crosscut between rooms 34 
and 35 and use room 34 for travel. Left- 
hand car would standby, outby crosscut 
in room 35 and use room 35 for travel. 
Delays occurring at discharge station (DS) 
were predominantly because of no empties 
and to some extent by car spotting. The 
large delay listed as due to mechanical 
equipment (DM) was caused by failure of a 
loading-machine cable. 

Section 191. Two Battery-type Shuttle 
Cars per Loading Unit.—This is an example 


car (WO), and delays due to mechanical 
reasons (DM). The latter occurred from 
battery changing. Place-change-time con- 
sumed more time than in any of the other 
cases studied. It is to be noted that place- 
ment of the discharge station at the head 
of the belt conveyor would decrease travel 
time to and from left parallel face. This 
would permit less frequent moving of the 
discharge station and should result in less 
time lost by waiting. 


Bauxite and Potash Mines 


Examples of section layouts using two 
shuttle cars per loading unit in bauxite 
deposits*:> are given in Fig 19 and Fig 20. 
Methods of passing at the Republic 
bauxite mine are shown in Fig 21a and 210. 
The use of shuttle cars in a potash mine® 
is shown in Fig 22. Performance informa- 
tion for these sections appears in Table 4. - 

The system of cable hanging of the 
shuttle-car unit in the Republic bauxite 
mine is unique in that it represents use of 
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Fic 14—ROoM-AND-PILLAR WORK, METHOD OF PASSING ONE CABLE-REEL SHUTTLE CAR AND ONE 
BATTERY-TYPE SHUTTLE CAR, SECTION NO. 234. 
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cable hangers and spool guides on shuttle 
cars. The size of the drift gives small travel 
clearances, necessitating special arrange- 
ment for passing. One car must park in the 
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figures are the same in the section numbers, 
it means that all sections listed under this 
number are in the same mine. For instance, 
sections 071 and 072 are sections 1 and 2 
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Fic 15—ROOM-AND-PILLAR WORK, SECTION LAYOUT, TWO €ABLE-REEL SHUTTLE CARS, ONE LEFT- 
HAND DRIVE AND ONE RIGHT-HAND DRIVE, SECTION NO, 232. 


passing station while the other car is 
traversing the drift. 


PERFORMANCE 


Production in tons per man-shift is 
the best means of indicating operating 
efficiency in underground mining. Many 
factors may contribute to low production 
per man-shift, such as improper selection 
and utilization of equipment, unskilled 
personnel, improperly designed mining 
systems, and adverse mining conditions. 
Method and layout studies are important. 
A number of layouts and accompanying 
performance records are given in the 1946 
Mechannual.® 

Production performances for 32 shuttle- 
car sections at 20 different mines are 
given in Table 4. Where the first two 


in mine number 07. In section 111 a remote- 
controlled locomotive is used to spot mine 
cars. In section 153, bottom is taken in 
entries and shuttle cars dump direct into 
mine cars. 

The type shuttle-car and loading ma- 
chine are given by manufacturer’s number. 
All of those listed are manufactured by 
the Joy Manufacturing Co., except for 
the units listed as “‘cable.” Battery-pow- 
ered cars are indicated by the presence of 
the letter D and cable-reel powered cars 
by the letter # in the number giving the 
type shuttle car. 

All production figures, items 22 and 24, 
are averages of several weeks duration. 
Shift production often varies widely from 
the average; for example, at mine 10 during 


168 


a month’s operations of 23 shifts, the 


range in mine cars loaded per shift by 
sections follows: section 101, 35-57 mine 
cars, average 44.4; section 107, 37-59, 
average 48; and section 103, 10-32, 
average 23.6. 
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Non-coal mines are listed first. Up to 50 _ 
tons per man-shift is being obtained. The 
low figure of 10 tons per man-shift at one 
of the bauxite mines is due to a very bad 
bottom condition, requiring the laying of 

corduroy in the travel ways. 
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Coal-mine sections are given in-order of conditions and the use of a small-capacity . 
seam height. Of.the eight examples in high loading machine. However, three fourths of 
coal (72 in. and above) the best average the sections produced more than 20 tons per 
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Fic 17— ENTRY DRIVING, SECTION LAYOUT, TWO BATTERY-TYPE SHUTTLE CARS, SECTION No. 191 


production per man-shift occurred in room- man-shift, showing the suitability of shuttle 
development work where two battery-type cars in high coal for all types of work. 
shuttle cars were used per loading machine For medium height coal (71 to 48 in., 
(sections 101, 102). This production is inclusive), there are eight examples. ‘Only 
being achieved despite adverse mining two sections: had an average production 
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exceeding 20 tons per man-shift, one using 
three cable-reel shuttle ‘cars per loading 
machine in entry driving (section 421) and 
the other using two battery-type shuttle 
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mon point. The units actually worked in 
separate sections with a maximum haul 
of 870 ft from the loading point to the dis- 
charge station. Of the nine examples given 
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Fic 18—ENTRY DRIVING, METHOD OF TRAVEL, TWO BATTERY-TYPE SHUTTLE CARS, SECTION No. ro1, 


cars per loading machine in room develop- 
ment (section 260). The latter example 
had the highest production in medium 
height coal with 25.8 tons per man-shift. 
Shuttle cars produced equally well in 
low coal (less than 48 in.) as in medium 
height coal. The highest tons per man- 
shift occurred in room development (sec- 
tion 192) where two units, each employing 
two battery-type shuttle cars per loading 
unit, discharged into mine cars at a com- 


in Table 4 of shuttle-car sections in low 
coal, only one gave low production in room- 
development work (section o21), and that 
was on account of bad roof and soft bottom. 


Considering a mine or a section of a - 


mine as a whole, there are two methods of 
attack to get an overall high production 


ae 


per man-shift from all production units. —— 


One is to lay out the mine section so that 


the maximum haul is kept low and provide, 
for each production unit about the same: 
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FIG 19—SHUTTLE-CAR LAYOUT FOR REPUBLIC BAUXITE MINE, REPUBLIC MINING AND MANu- 
FACTURING COMPANY, BAUXITE, ARKANSAS. i 
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Fic 20—SHUTTLE-CAR OPERATION IN BAUXITE AT HURRICANE CREEK MINE OF REYNOLDS MINING 
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duty whether on entry driving, room 
development, or pillar extraction. This 
procedure is frequently followed for cable- 
reel installations. Mines o5 and 15 are 
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ment or pillar recovery. Mine 19 in which 
battery cars are used is an example: 60 
pet of the production comes from rooms, 
20 pet from entry driving, and 20 pet from 
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Fic 21—SEQUENCE OF OPERATIONS, SHOWING METHOD OF PASSING WITHOUT ENTANGLING 
CABLES FOR TWO CABLE-REEL SHUTTLE CARS IN DRIFTS OF REPUBLIC BAUXITE MINE, BAUXITE, 


ARKANSAS. 


examples giving an average overall pro- 
duction per man-shift of 18.5 and 17.5 
tons, respectively. The other method is to 
lay out the sections so that most of the 
coal is won and conditions made favorable 
for a high production from one phase of the 
operation, usually either room develop- 


pillars, resulting in an overall average 
production of 23.9 tons per man-shift. 
This is an unusually high average produc- 
tion for low coal and particularly so since 
the maximum haul is 870 ft. , 
There are few instances where a direct 
comparison can be made between battery- 
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powered shuttle cars and cable-reel cars 
in the same mine. At many mines where 
both types of cars are in use, the cable-reel 
car will be used in the sections that are 
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duction than the battery section on entry 
driving. However, the battery section has 
a much greater haul distance than ,the 
cable-reel section. At mine 10 the opposite 
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FIG 22—SHUTTLE-CAR LAYOUT FOR MINE OF PorAsH ComMPANY OF AMERICA, CARLSBAD, NEW 
MEXxIco. 


favorable to its use and the battery car 
in sections favorable to its use. © 
A direct comparison can be made at 


mine No. 23. For the conditions prevailing - 


at this mine a combination of one battery 
car and one cable car (section 234) gave 
the highest and most consistent perform- 
ance. Two battery cars (section 233) were 
next and two cable cars (section 232) low- 
est. These sections were all on room-and- 
pillar work with conditions about the same 
except that the all battery-car section and 
the combination battery-car, cable-reel 
car section had too ft greater maximum 
haul distance. 
At mine oo the cable-reel section in 
~ room work shows a higher average pro- 


is true, with the battery sections in room 
work giving a higher average production 
per man-shift than cable cars in an entry 
section. 

The number of shuttle cars used per 
loading machine varies widely. In low 
coal production, units employing one cable- 
reel car per loading machine are common. 
In many low-coal mines it has been found 
that when using two cable-reel cars pro- 
duction per man-shift dropped to about 
7o pct of that of a single cable-reel pro- 
duction unit. At other mines in medium 
and high coal, production per man-shift 
has frequently been increased by using 
two and sometimes three cable-reel cars 
to a loading machine. Up to four and five 
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battery cars have been used with one 
loading machine (see sections 241 and 242). 

The number of shuttle cars to use per 
loading machine depends on the layout 
and natural conditions. Machine operating 
efficiencies based on percentage of total 
time a machine is doing productive work 
vary from 25 to so pct for loading machines 
and from 25 to 75 pct for shuttle cars. 
At mine 10, sections 102 and 103, the 
average operating efficiencies and other 
pertinent information are as shown in 
Table s. 


TABLE 5—Pertinenit Data 


Rooms, Rees 
wo 
Data Battcess Nees 
Cars Cat 
Shuttle-car efficiency, pct....... 56.4 65.5 
Loading-machine efficiency, pct..| 46.5 37.3 
Shuttle-car trips per place....... 10.5 4.4 
emowates shuttle-car capacity, 

Be ctra aia nme oes ale 4 5.0 4.7 
Shtthe -Car. speed, fpm....as..-< 307 283 
Loading time per shuttle-car 

trip, TDi awe coe cone careeate 3.5 4.8 
Discharge time per shuttle-car 

CUD ATI ceiiatene Ba tebe kis tent odors 0.65 0.85 
Change-car time per shuttle-car 

Baty UTIL Ny A tereathne ep enctstors sie 3.2 ane 
Load-out time per place, min....} 63.2 40.6 
Average tons per man-shift...... 25.0 20.3 


Room 


| Deve | 
soa f SEY s 
ment, Pet 
Pct 
Shuttle-car efficiency...... 62-65 


Loading-machine efficiency | 33-43 


Cost 


‘Cost per ton of coal produced is the 
deciding factor in selecting mining ma- 
chinery provided the equipment under 
consideration meets required safety stand- 
ards. Generally speaking, where natural 
conditions are favorable, shuttle-car pro- 
duction units frequently show a cost 
advantage over other methods of mining 
and gathering. 


SHUTTLE-CAR HAULAGE 


Of the various items entering into the 


total cost in coal mining, cost for labor is | 
by far the most important item. Cost for. 


labor ranges from 55 to 65 pct of the total 
cost in most of the mechanized under- 
ground bituminous coal mines in the 
United States. Cost of supplies is next, 
averaging about 20 pct of the total cost. 

Since labor is the largest single item in 
the cost of producing a ton of bituminous 
coal at underground mines, increasing the 
productivity of labor provides the best 
opportunity for lowering total costs. An 
increase in the tons produced per man- 
shift usually indicates a corresponding 
reduction in the total cost of mining a ton 
of coal. 


TABLE 6—Assumed Conditions, Hypo- 
thetical Mine 
Locationiic kes eek 5 cots kek Pennsylvania 
Heightiot coal, £t.. 3.c nese 6 
Roof condition... oe ey ee Le 
Bottom condition........... Dry ‘ 
Dusk s.5 oho te wets at aes Very little 
Gage peas. eee Oe ee No 
Impurities separately handled None (cleaning plant 
; on surface) 
Inclination of seam, pct...... o-2 
Number of shifts............ 2 per day; 50 per 
month 
Length of working shift, min.. 480 
Length of shift, portal-to- 
Portal SMI eae ey 540 
Mine capacity, tons in two 
shiftgs.:2. sits ss cles enee eae 2500 
Number of sections. 5 
Average section production, 
tons per shift. s. ook kee 250 
Cost of Bowen total mine; 
per ton. 0.10 
Power used in section, “kw-br 
pershilt's cepa we she eeee 300 
Number of men in section.... 13 
Average distances, ft: 
Substation to battery station (central)...... 500 
Substation to discharge station............ 1,500 
Battery station to discharge station........ 1,000 
Power distribution: 
Positive: c2530 See 1500 ft of 4/0 trolle a 
wire parallel wit 
1500 ft of a 250,000 
cm feeder 
Negatives nviccu es tenict t500 ft of 60-lb rail 


single bonded 


There is much discussion about the com- 
parative costs of production units using 
the two types of shuttle cars. For com- 
parative purposes a hypothetical mine is 
taken where either type of shuttle car can 
be used and where there is no marked 
advantage for either type. The assumed 
conditions are given in Table 6. 
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Estimates of capital and cost of labor 
are on the basis of prices and rates for labor 
prevailing during the fall of 1946. Main- 
tenance and replacement costs are the 
averages of 25 mines studied. Power cost 
for the mine is assumed to be $0.10 per 
ton of coal produced. 


Capital and Maintenance Costs 


For simplicity, costs pertaining to the 
battery-charging station and for cable 
replacement are listed as part of the first 
cost of the equipment instead of replace- 
ment cost. This is done for convenience of 
comparing the cost of the items character- 
istic of a cable-reel shuttle-car installa- 
tion with that of a battery-powered instal- 
lation over a period of five years. It is 
considered that a cable-reel car will use 
one 600-ft length of cable at $0.66 per ft 
each 5 months of operation and the two 


‘ears will use 25 lengths in the 5-year 


——4 


fe ta eee Ye ae 


period. It is likewise considered that post- 
war batteries will last 5 years and that the 
3,500,000 sq ft to be mined will need the 


TABLE 7—Equipment Required 
Cable-reel Section Battery Section 

It loading machine, cater- 1 loading machine, cater- 
pillar mounted, 5 tons pillar mounted, 5 tons 
per min rated capacity per min rated capacity 

2 shuttle cars, cable-reel 2 shuttle cars, battery 
type, four-wheel drive type, four-wheel drive 
and steer and steer 

I cutting machine, uni- I cutting machine, uni- 
versal, caterpillar versal, caterpillar 
mounted mounted 

I elevating conveyor 


1 elevating conveyor 

I mine-car hoist 

t electric drill, auger type, 
post mounted 

I air compressor 


15,000 ft electric cable, 
No. 4, three-conductor 


Cost of equip- 

$69,750 
Life of equipment 5 years 
Unit cost. .$0.093 per ton 


I mine-car hoist 

rt electric drill, auger 
type, post mounted 

4 sets storage batteries, 
350 amp-hr capacity 

1g cost of moves of 

changing and charging 

stations 

lg battery-charging 
equipment including 
air compressor 

Cost of equip- 
MeNtieae See $66,650 

Life of equipment 5 years 

Unit cost. $0.089 per ton 


relocation of the central battery station 
three times in the 5-year period. It is also 
assumed that the charging station will 
serve 5 sections. The required equipment is 
given in Table 7. 

Maintenance cost for the section over 
the 5-year life, including labor and sup- 
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plies, is estimated at $142,500 for the 
battery section and $138,500 for the cable- 
reel section. Unit cost for maintenance is 
$o.190 per ton for the battery section and 
$0.185 per ton-for the cable-reel section. 
The difference is largely the cost of one 
battery-station attendant per shift minus 
the cost of repairing one cable splice per 
two shuttle-car shifts. 

It is assumed that each section will have 
the same average production, 250 tons per 
shift, considering the balancing effect of 
the greater speed and flexibility of the 
battery car on one hand and the greater 
capacity of the cable-reel car on the other. 


Power 


Ten cents per ton is taken as the power 
cost for the entire mine. Considering the 
mine equipped with cable-car sections, it is 
estimated that 60 pct of the power con- 
sumed in the mine is used to operate such 
nonfluctuating equipment as pumps, fans, 
and lighting, and 4o pct for equipment 
having a fluctuating demand. If it is 
assumed that the total number of kilowatt- 
hours used in one month’s period is non- 
fluctuating, and that the demand for each 
I5-min period is constant for the month, 
the kilowatt billing demand factor is con- 
stant and the lowest possible. Calculating 
the cost for such an optimum rate of con- 
sumption, it is determined that although 
the nonfluctuating power is 60 pct of the 
total amount, it accounts for only 34.15 
pct of the total cost of power for the mine. 

The fluctuating power is estimated to 
be divided as follows: main haulage, 15 
pet, and section production, 25 pct. Thus 
the main haulage accounts for 24.5 pct 
of the total cost of power and the section, 
41.2 pct. Unit cost per ton for a cable-car 
section is 


41.2 pct + 100 X $0.10 = $o.0412 per ton. 


Total power consumed.in a cable-reel 


-section is calculated as follows: 
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Two shuttle cars = 51.5 kw-hr per shift 

One 53-hp loading machine operating 
125 min = 82.4 kw-hr per shift 

One 60-hp cutting machine operating 200 
min = 149.4 kw-hr per shift 

Miscellaneous equipment and losses = 16.7 
kw-hr per shift 

Total, 300 kw-hr per shift. 


The cost of power in the cable-reel sec- 
tion for one shift’s operations is 


$0.0412 X 250 = $10.30/shift. 
Then the unit cost per kilowatt-hour is 
$10.30 + 300 kw-hr = $0.0343 per kw-hr 


The total power used in the mine is 300 
kw-hr per section X 5 sections + (25 pct 
X 100) = 6000 kw-hr per shift. Of this 
amount 60 pct, 3600 kw-hr, is nonfluctuat- 
ing. The cost of this power is 34.15 pct of 
the total mine power cost, or 


$0.3415 X $125.00 = $42.69 per shift. 


Then the average unit cost per kilowatt- 
hour of the nonfluctuating power is 


$42.69 + 3600 = $0.0118/kw-hr. 


In Table 8 the difference in actual kilo- 
watt-hours consumed by the two types of 
shuttle cars is calculated. 


TABLE 8—Estimated Power Consumed, 


Two Battery vs. Two Cable Cars 
_ Battery _ Cable 
4 traction motors, 7}¢ hp 4 traction motors, 744 hp 
ea., operating 20 pct of ea., operating 20 pct of 
shift shift 


SHUTTLE-CAR HAULAGE 


2 conveyor motors, 744 hp 
2 ea., operating 14.5 pct 
of shift = 51.5 kw-hr. 

Battery charging and dis- 
charging losses,  effi- 
ciency 65 pct = 27.7 
kw-hr. 

Battery transportation, 
2000 ft per shift at 300 
ft per min., or 6.67 min. 
of shuttle-car travel = 
3-8 kw-hr. 

Total.... 83.0 kw-hr per 

shift 


2 conveyor motors, 7}¢ hp 
ea., Operating 14.5 pct 
of shift = 51.5 kw-hr. 

Controller resistances and 
cable-reel motor = 4.1 
kw-hr. 


Line power losses and 
cable losses, 250 volts 
at section or 290 volts 
at substation = 8.9 
kw-hr. 

64.5 kw-hr per shift 


The power cost for operating two cable 


cars per shift equals 


64.5 X $0.0342 + 250 = $0.0088 per ton. 


For operating two battery cars, assuming 
all power used is nonfluctuating, the cost is 


83 X $0.0118 + 250 = $0.0039 per ton. 


This is a difference of $0.0049. Section 
cost for a battery-car installation is thus 
estimated to be 


$0.041 — $0.0049 = $0.036 per ton. 


Labor 


It is assumed that 13 men are used in 
each section as follows: loading, 2 men; 
cutting 2 men; shuttle-car operation, 2 
men; drilling, 2 men; blasting, 1 man; 
discharge station, 1 man; timbering, 1 
man; maintenance, I man; and super- 
vision, 1 man. The total section-labor cost 
for one shift’s operation, with two 14¢-hr 
man-trips per shift, is calculated to be 
$156.628 = $0.62651/ton. 

Supplies directly consumed by the sec- 
tion are estimated to cost $0.20 per ton. 

Items of labor and supplies do not con- 
tain the costs of labor and supplies included 
under maintenance. ; 


TABLE 9—Summarization of Section Costs, 
Battery vs. Cable-car Production Units 


Cable Reel Battery 
Cost _ Cost 


Data 


First cost, equipment 

only, 5-year write-off 

PETION os wcitmes UM $0.080] 6.69/$0.076] 6.38 
Cost of equipment char- 

acteristics to type (bat- : 

teries, chargers, cable) .|$0.013] 1.09/$0.013] 1.09 
Maintenance on all sec- 


tion equipment....... $0. 185]15.47|$0. 190/15.94 
Power consumption..... $0.041| 3.43/$0.036] 3.02 
Labor (incl. section fore- : 

pet Vey eae saan. che $0.627|52.42|/$0.627|52.60 
Supplies..... D coiets a eneeie $0. 200|16.72|$0. 200/16. 78 
Amortization, and/or 

fees, royalties, and 

TAXES. Gees cre $0.050] 4.18/$0.050] 4.19 

DOtalain.s.sceh senor $1. 106 $1. 192 


A summarization of the calculated and 
estimated costs is given in Table 9. 
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Modern Haulage to Meet Local Conditions 


By G. S. Jenxrins,* MemBer AIME 
(Philadelphia Meeting, October 1946) 


THE statistics set forth by Professor 
Mitchell in a preceding paperf very 
carefully brought out the points that 
indicate that a marked amount of con- 
sideration must be given to the haulage 
problem to adapt it to local conditions 
as encountered. Professor Mitchell’s paper 
showed a spread of from to tons per man 
to so tons per man on the production 
crews, which spread can be recognized 
as entirely too large when one considers 
that the product is being sold at a price 
within very close limits. While a portion 
of this spread may be explained by different 
methods in cost accounting as to what 
employees are applicable to the production 
crew, it cannot all be blamed on an account- 
ing method. A good portion must be 
explained by the improper application of 
equipment to the needs incurred by the 
local conditions. It is in an endeavor to 
go into this phase that this paper is given. 

It will be necessary to qualify the 
points covered in order to keep the subject 
from becoming too wide in scope. Along 
this line, conditions will be only those 
involved in bituminous coal mine prac- 
tices and only the haulage of coal that is 
loaded with mobile loading machines in 
seams 4 ft thick and better. 


HAvuLAGE Mertuops EMPLOYED 


The Consolidated Coal Co. (Illinois) 
has been operating on a modernized 


Manuscript received at the office of the 
Institute October 1946; revision received 
March 3, 1947. Issued as TP 2207 in COAL 
TECHNOLOGY, May 1 

*Vice President, 
St. Louis, Missouri. 

+ D. R. Mitchell et al.: Shuttle-car Haulage. 
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basis for about 20 yr. By modernized 
we mean the loading of coal with mobile 
loading equipment. In review of haulage 
methods, it must be remembered that the 
main line electric haulage locomotive 
has been in service for some 40 or 50 years. 
To augment this main line haulage, the 
mule did a quite satisfactory job during 
hand-loading days, but was later replaced 
by the gathering locomotive, either battery 
or cable-reel operated. This type of haulage 
was the method in common use at the 
time the mechanical loading of coal 
became of. major importance and the 
success or failure of loading machine 
installations may be largely accredited 
to haulage facilities in the early days; 
that is, in the period around 1930. 

The Consolidated Coal Co. had its 
struggle with this problem beginning in 
about 1927 or 1928. We were somewhat 
fortunate in that we were already using 
gathering locomotives powered by storage 
batteries. at the time we _ introduced 
mechanical loading. This -meant that 
we did not have to spend as much time 
training motormen and trip riders as 
many mines did that utilized only mules 
for their secondary haulage. This was an 
advantage, and our efforts could be 
focused on ways and means of providing 
adequate car service to the loading 
machine. 

Like most operations, we endeavored 
to gear the car service to the capacity of 
the machine, with a large crew endeavoring 
to load the maximum tonnage that the 
machine would handle. Toward that end 
our first move was to install switches 
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through each crosscut so that cars could 
be fed from the switch in the crosscut 
to its place behind the machine as the 
loaded car was being pulled out. This 
meant a maximum effort toward track- 
laying, with the necessary timbering 
that would accompany a method as 
outlined, which meant that a high tonnage 
must of necessity be loaded to ‘take care 
of the large working crew allocated to 
the machine. Several years of this brought 
us up with the realization that dispensing 
with the extensive tracklaying program 
would allow us to shorten the crew and 
the machine could load a smaller number 
of cars and still give the same unit cost. 
Since that time our experience has 
convinced us that often it is more economi- 
cal to install additional modern high-rated 
equipment, operating them with a shorter 
crew, and utilize more units of the equip- 
ment to produce the desired amount of 
product. This means that a delay on 
any one section would not involve as 
many men as though the equipment were 
being operated at near peak capacity. 
The short-crew method means that the 
reduction in men on the section tends to 
deplete the lower earning bracket and 
raise the average earnings per man; but 
this is offset by the fact that more tons 
per man employed may be secured. This 
increase in tons per man must be of 
sufficient magnitude to offset the interest 
on the investment and the increased 
depreciation and obsolescence. This figure 
will vary over a wide range, depending 
on the life of the property, the type of 
equipment, and the method of accounting 
presently employed. 
_ The period up to approximately 1936 


and 1937:was made up largely of endeavors 


to facilitate car changes, in order that the 
loading machine could be utilized in 
loading of coal as much as possible during 
the 7-hr period. The studies indicate 
that when a loading machine was operating 
about half the day, an operator could 


\ 
\ 
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feel assured that a fair cost would result; 
but very few installations could boast 
that the loading machine was loading coal 
into the pit car 210 min out of the 7-hr 
day. The problem then resolved _ itself 
into devising some method of securing a 
higher output per man employed. This’ 
could be accomplished either by reducing 
the number of men or increasing the 
output with the same number of men, 
by installing additional equipment of 
the kind required. It was at about this 
time that the conveyor came into promi- 
nence as a method of haulage, to enable 
the coal operator to produce a larger 
‘“‘tons-per-man-employed.” The conveyor 
was looked upon with some amount of 
skepticism as being something that would 
really be handy to have, but one about 
which there was some doubt as to its 
ultimate efficiency in increasing the tons 
per man employed. 


CONVEYOR METHOD 


The Consolidated Coal Cg. made a 
thorough investigation of the conveyor 
method and decided that the best way 
to utilize a radical change of this kind 
was to start with a new mine and put 
the system into effect 100 pct. We started 
by sinking the slope with conveyors and 
installing an inclined conveyor for elevating 
the coal from the coal seam to the prep- 
aration plant. This conveyor was a 
success from the start and over a period 
of years has handled the hoisting problem 
in a practically trouble-free method at a 
greatly reduced cost, not only in man- 
power and maintenance but also in the 
actual power required to do the hoisting. 
Our figures indicate that over a period of 
years the power required for hoisting 
averages about 149 kw-hr per ton per 
too ft elevation through which the coal 
is hoisted. This is about one half the 
power requirement of other methods of 
elevating the coal according to the best 
information we have been able to get, 
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and our cost includes the power consumed 
on all three shifts, including the time the 
belt runs idle, is used to hoist rock, or 
for other purposes. Our experience indi- 
cates that our original estimated life 
of some 5 to 10 yr for the belt itself 
‘was approximately correct in that we 
are at the to-yr life rather than at the 
minimum that we first considered. 

_ The method of putting the coal onto 
the belt is just as much a part of the 
haulage as any other phase and our 
experience has indicated that the economi- 
cal trouble-free method is to use a large 
hopper or surge bin that will act as a 
reservoir and enable the coal to be fed 
onto the hoist belt at a steady rate, 
which tends to produce a maximum 
efficiency in the tipple preparation. We 
have found that this bin is just as im- 
portant when coal is brought to the 
bottom on a conveyor as when it is brought 
to the bottom in cars, inasmuch as it 
allows short-time surges to be accom- 
modated without “‘slugging”’ the tipple. 

It may appear that we are approaching 
the haulage question from the wrong end, 
in that we are first considering the final 
haulage rather than the service haulage. 
However, it is our contention that a 
method must be devised that will take 
care of the face haulage at its utmost 
peaks, and that if this is not done any 
advantages of new methods in face haulage 
will be handicapped and perhaps dis- 
carded when they really have merit. 

Regarding main line haulage, the ex- 
perience of our company indicates that 
large drop-bottom mine cars between 
some intermediate point and the hopper 
feeding the hoist belt is the final solution, 
providing of course that excessive grades, 
say over 4 pct, are not encountered on the 
route. At our Buckhorn mine we first 
fed the hopper by means of mother belts, 
grandmother belts, and similar equip- 
ment, and later replaced it with drop- 
bottom mine cars of some to or 12 tons 


MODERN HAULAGE TO MEET LOCAL CONDITIONS \ 


capacity. Our figures indicated that this 
not only meant a smaller investment 
but also meant a reduction in personnel. 
They may sound contradictory; however, 
to ensure a proper continuous operation 
of a belt conveying system, it is necessary 
to have it properly patrolled and in- 
spected continuously. This is necessary 
because of roof falls and coal spillage, 
which evidence themselves from the 
start and seem to occur at some of the 
most unexpected places. It can readily 
be seen that a fall on a main line belt 
would choke off all production, and it 
could not be restored again until the fall 
was removed and the belt line put back 
in service. If the belt has become cut or 
torn, it must be spliced or repaired, any 
bent pans must be replaced or straightened, 
and any bent rollers must also be replaced. 
Besides all this, a fall generally knocks 
the pan line. out of alignment and it is 
necessary to re-align the pan line and 
adjust the tracking of the belt to prevent 
unnecessary spillage. 

We recently started another modern 
mine and thought perhaps our information 
was erroneous, since our experience with 
belts on other than final main line haulage 


-was practically without complaint. How- 


ever, after about a year and a half with 
belt haulage all the way, we found that 
the figures from the new property checked 


with our original figures and we utilized | 


the nonoperating time during the last 
contract negotiating period to replace 
the final belt haulage with large drop- 
bottom cars. Incidentally, at this time 
we increased the hopper from about too 
tons to about 350 tons, to accommodate 
surges on the bottom and delays on top. 


Our final hopper, which is in the process” 


of construction, will have a capacity of 


2000 tons, which will handle the product 


over a considerable period and should 
preclude “blowing out” on account of 
major breakdowns in the preparation 
plant. 
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Loading 

As to the method of loading these large 
drop-bottom mine cars, we have found 
that this may be done very nicely from 
conveyor belts in the panel entries. In 
fact, we find that it is advantageous to 
discharge several panels onto a secondary- 
entry belt and take the load from this 
belt into the large mine cars for final 
haulage. This groups the belt installation 
in one locality, which lends itself readily 
toward being looked after by a single belt 
patrolman. The aforementioned method 
allows us to drive our main haulage track 
entries along a contour that makes for 
easy locomotive haulage with only second- 
ary and panel entries belted from the 
territories where excessive grades would 
be encountered. 

It must be realized that the method of 
transporting coal by belts into mine cars 
and then into a hopper cannot be arrived 
at blindly, but that the property must be 
drilled and contoured prior to the layout 
of the mining system. With regard to the 
system of mining in driving main entries, 
we have found that as cheap a method 
as any is to extend the main line track 
and drop a couple of cars toward the 
face to be loaded by shuttle cars, which 
in turn are loaded by loading machines 
at the face of the entries. The large mine 
cars are not end-loaded, as proper loading 
could not be handled in this way. In- 


_ stead, the shuttle car discharges over the 


side, either by means of an elevating 
boom or by means of an unloading con- 
veyor ‘into the large car that is placed 
by a battery locomotive brought up to 


_ the face for that purpose. If the track is 


in entry No. 1 and a fall is being loaded 
in entry No. 1, the shuttle car will be 
loaded at the face and will then proceed 
through the crosscut to entry No. 2 and 
then along No. 2 to the next crosscut, 
where it will again cross back and load 
the large drop-bottom car, which is 
pushed up in place on the No. 1 entry. 


181 


This may seem like an extra amount of 
transportation, but our experience indicates 
that it is more satisfactory and economical 
than trying to end-load in the track entry. 


SECONDARY HAULAGE 


This brings us up to the secondary 
haulage, which is in fact the critical phase 
in the economical mining of coal. It is 
upon this secondary haulage that the 
success or failure of a modern mine de- 
pends. There are many things to be 
considered in designing this haulage that 
may make one type successful in one 
field and unsuccessful in another. The 
Consolidated Coal Co. has utilized prac- 
tically every available type of secondary 
haulage except shaker conveyors, which 
were not believed to have sufficient 
capacity to handle coal from our mobile 
loading machine. 

Probably our most economical operation 
was the use of chain-flight conveyors 
loading onto belts and the territory 
manned by a very short crew. Utilizing 
this method, we were able to work out 
four rooms more than 300 ft long per 
week, driving the rooms an average 
26 ft wide in coal averaging 714 to 8 ft 
high. Sufficient crosscuts were driven to 
procure an extraction approximating 65 
pet; however, this was some Io yr 
ago and since that time we have had to 
modify our methods to secure compliance 
with recently passed legislation. Legislation 
in Illinois provides for not less than two 
men on a loading machine, not less than 
two men on a cutting machine and not 
less than two men on a drill. This of 
necessity disqualified us on the higher 
wage scale gang-work where we utilized 
a five-man crew mining four rooms with 
the conveyor system, the coal being 
broken down “‘on-shift.” 

In an endeavor to reestablish our 
productivity, we adopted shuttle cars as 
face haulage and endeavored to run the 
territories at an increased output to offset 
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the additional men employed. The shuttle 
car has proved itself equal to the occasion 
and we have found that a battery-type 
shuttle car can operate efficiently on 
grades up to 6 pct, beyond which we 
find that it is economical to utilize a 
cable-reel shuttle car, which we work on 
grades up to 8 or to pct. The shuttle 
car has the flexibility that enables one 
to haul around grades caused by pro- 
nounced: local rolls, which are prevalent 
in the Illinois No. 6 seam. When a sharp 
short grade is encountered, haulage is 
then rerouted to pick up a place from the 
adjacent place through a crosscut, perhaps 
doubling the haulage, but at the same 
time halving the maximum grade. The 
flexibility of the shuttle car permits the 
working out of rooms where hazardous 
top conditions are encountered, by hauling 
through adjacent rooms and crosscuts. 

We have in operation at the present 
time several methods of face haulage in an 
endeavor to secure information as_ to 
which would be the best to adopt as 
standard. In territories where few extreme 
grades are encountered, we have found 
that one of the most productive methods 
is to drive the rooms parallel to the 
entries with key crosscuts short every 
hundred feet or less, heading off the rooms 
to shorten the haulage to the panel entry. 
While this necessitates a considerable 
number of permanent seals, it does produce 
a productive section when using five 
rooms parallel to the entry, the faces 
being equally advanced, the coal cut with 
a mobile cutting machine and loaded with 
a mobile loading machine served by two 
shuttle cars. It is in this type of installation 
that the battery car really works to an 
advantage, in that there is no crossing 
of cables to worry about and the coal 
from all five rooms is loaded at a common 
point on the panel entry, and an unloading 
conveyor at this point serves two or more 
shuttle cars. In handling the coal between 
the face haulage and the slope bottom 
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on this system, we have found that a 
trip of large drop-bottom cars can be © 
placed on the panel entry adjacent to the — 
rooms and thus eliminate the belts on the — 


panel entries. 
flexible layout in that the large drop- 
bottom cars are handled in trips of five, 
which provides sufficient capacity for the 
loading out of one room. The cars are 
not uncoupled but left in groups of five, 
whether there be one or two empty cars 
in the trip or not. 


This allows an extremely. 


This method is still in the experimental 


stage and we have much to ascertain as 
to what might occur at a later date on the 
mined-out territory. On our present section, 
we have not run our rooms beyond 3000 ft 
long as we were a little apprehensive as 
to what might occur after a period of time. 
The system, however, does yield a very 
nice productivity per man employed 
with a gang working in the development 
of the entries and a crew working the 
rooms parallel to the entry and on one 
side. It is our intention to retreat with 
the rooms at 90° to the entry, putting 
two crews on the panel entry, one retreating 
from the face and the other retreating 


from a point about midway in. This will. 


extract the coal in about half the time 
it took to advance and the inmost territory 
will be protected by the solid block remain- 
ing between the middle point and the 
point of operation. As mentioned before, 
this method is in an experimental stage 


4 
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and we do not have much data on the ~ 


system at present. 
Earlier in this paper it was mentioned 
that the main haulage entries were laid 


out on the predetermined contours to © 


keep the final haulage grades at a minimum. 
From this main line haulage we experience 


prevailing grades of from 2 to to. pct, 


which, with the ordinary pit-car method, 


would present quite a problem. We have — 


laid out the extraction to provide belt 
haulage on the secondary entries in the 
part where the grades prevail at 8 or 
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to pet. Off these entries the panel entries 
are equipped with belts to feed the second- 
ary entry belts, haulage between the 
panel entry belt and the face being accom- 
plished by shuttle cars. In extreme cases 
the shuttle cars have to be utilized in 
hauling with the grade, discharging on 
the belt, which belt in turn discharges 
on the belt in the secondary entry and 
this belt elevates the coal to the main 
entries and into the large drop-bottom 
mine cars. These heavy prevailing grades 
preclude the working of rooms on both 
sides of the panel entry, which doubles 
the amount of development work necessary 
to extract the coal in this area. 

By the combination of shuttle cars, 
belts and large drop-bottom mine cars, 
we are now able to extract coal that 10 
yr ago could not be mined because of 
the excessive cost at a mine operating 
in a highly competitive field. We find 
that with this combination we are now 
able to extract the coal, and while the 
productivity per man is not as high as on 
more nearly level runs, we find that we 
are able to operate in competition with 
surrounding properties that do not have 
the extreme conditions. It might be noted 
that with a belt in the panel entry, each 
room neck is a potential loading point, 
which lends itself ideally to shuttle cars 
equipped with an elevating discharge 
boom. 


RESULTS IN AN EXPERIMENTAL MINE 


The results of our efforts in haulage 
during the past to yr have been so 
encouraging that we ran an experimental 
mine operating in 4 ft of coal immediately 
below the No. 6 seam which we had previ- 
ously extracted. We ran the experiment 
at this operation for over a year and a half, 
being handicapped by labor that was 
accustomed to work in high coal and 
that could not readily adapt itself to the 
4-ft seam. We found that we were able 
to produce coal in this 4-ft seam in com- 
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petition with the high coal, but that we 
were just about breaking even, since 
we were unable to secure the services of 
low-vein coal miners, because of the man- 
power shortage during the war period. 
In spite of this handicap, we did operate 
by using low-vein loading machines, 
mobile cutting machines, and low-vein 
shuttle cars loading onto belt conveyors 
in the panel entries, which in turn dis- 
charged onto a belt at the main entry, 
this main entry belt discharging on an 
inclined conveyor elevating the coal to 
the large mine car that was in the No. 6 
seam approximately 40 ft above, for 
transportation to the hopper already 
located in the No. 6 seam. 

The transportation of supplies and 
material for mining was a major problem 
which was overcome by building ‘‘mate- 
rial jeeps,’ storage-battery powered, the 
highest point of which was the top of the 
tire, a distance of 28 in. above the mine 
floor. This allowed a flat carrying area 
between the wheels for the transportation 
of material, and further material was 
carried on a trailer pulled by the low-vein 
‘material jeep.”” We have just this month 
finished our experimental extraction in 
the 4-ft coal and know that at such time 
as may be deemed fit we can extract this 
4-ft coal at a cost somewhat greater than 
the No. 6 coal. This time, however, will 
be at a later date, when the diminishing 
field in Illinois will provide a more advan- 
tageous market than the present period. 


SUMMARY 


By utilizing a combination of shuttle 
cars, belts and large pit cars, we can extract 
acreage that otherwise would be left 
intact, and the saving resulting from the 
use of this combination of equipment will 
more than offset the increased capital 
investment, with its accompanying in- 
crease in maintenance, depreciation and 
obsolescence. The question of the correct 
combination of equipment is one that 
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must be determined by the operator to 
meet the conditions to be encountered; 
however, these conditions can pretty 
well be established by drilling and con- 
touring to secure an advanced picture 
of the haulage requirements to extract 
the coal in a given field. 

In turning back to the ‘‘final haulage” 
with large mine cars rather than belts, 
there are a couple of points that may be of 
interest. Our information over a period 
of years indicates that the power con- 
sumption with the locomotive is approxi- 
mately the same as the power consumption 
with the belt “final haulage,’’ which is 
in sharp contrast to the experience in the 
hoist belt versus skip hoisting. This no 
doubt results because the belts run con- 
tinuously when utilized as a ‘‘final haul- 
age”’ below ground while the locomotives 
run only periodically. However, the de- 
mand load is increased sharply on loco- 
motive haulage versus the belt when the 
locomotives get together on the accelera- 
tion cycle of their trip. This increased 
power cost, however, is more than offset 
by the increased cost in initial investment 
and the decreased cost in manpower when 
compared to belt “‘final haulage.” 

In our final haulage, we do not handle 
the cars separately at any time, but 
handle them in groups of five, which 
means that operation is accomplished 
with a minimum number of cars, each car 
completing a cycle approximately every 
hour or less. In running the short car 
trips, transportation that makes for a 
flexible operation is relatively fast and one 
in which trips can be run on a priority 
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schedule to territories that hit fast loading 
conditions, whenever the opportunity pre- 
sents itself. This of course resolves itself 
into a dispatching system, which we have 
found pays for itselfein taking the coal 
away from a territory as fast as it can be 
produced when conditions are encoun- 
tered that tend toward a period of peak 
productivity. 

Our recent requirements necessitate 
that main line haulage locomotives operat- 
ing on fast schedule be equipped with 
what might be classed as ‘“‘modern gad- 
gets.’’ We use air brakes, dynamic braking, 


air sanding and even a final refinement in 


specifications by the inclusion of rail 
brakes, similar to those used on modern 
street cars, which are to be automatically 
brought in to operation at a point where 
the dynamic braking begins to become 
ineffective. This is to ensure a smooth 
operation on the deceleration cycle with a 
minimum of wear on equipment and a 
minimum of effort on the part of the motor- 
men. While the air brakes in this arrange- 
ment might appear to be superfluous, 
we consider their presence essential as 
an emergency precaution in the event of 
failure in the dynamic rail-braking program. 

The results of our study during the 
past several years have indicated that the 
advanced design in locomotives makes 
it essential that we replace our present 
locomotive equipment with modern equip- 
ment just as surely as we were forced to 
replace our obsolete face equipment with 
modern equipment to operate competi- 
tively with strip-mine operations in our 
own field. 
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The Foundation of Safety Engineering and Planning 


By J. D. Coonrr,* Mremper AIME 
(New York Meeting, February 1948) 


SINCE my working life of 32 yr has been 
spent in and about the anthracite mines of 
the Hudson Coal Co., and the previous 
4 yr in a college school of mines, I can 
write best about the safety program of a 


. coal mining company. However, most of 


the suggestions, statements and practices 
mentioned herein are applicable to the 
members of a safety organization and pro- 
gram of almost any industry. It is realized 
that industrial officials actually interested 
in real safety work are fully acquainted 
with the requirements of a practical safety 
program. Therefore, for such persons there 
may be nothing new in this paper. 

The Hudson Coal Co. of Scranton, Pa., 
employs 7000 men and produces 5,000,000 
tons of anthracite annually at nine collieries 
scattered for a distance of 40 miles through- 
out the Lackawanna and Wyoming valleys 
of northeastern Pennsylvania. For the past 
17 yr of the above mentioned 32, I have 
been engaged in safety work as a safety 
inspector, assistant mine superintendent, 
and at present the safety engineer. I have 
also had the privilege of visiting coal and 
metal mines in other parts of the United 
States and Canada. 

We Americans are the most careless 
people in the world. If any one doubts this 
statement why are 100,000 of our people 


killed accidentally annually? Or why 


during the almost four years we were en- 
gaged in World War II were more of our 
people killed accidentally at home than 


_ were killed in our army, navy, marine corps, 
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coast guard, and other services during the 
same period? We are careless everywhere— 
in our homes, on the highway, at work and 
at play. The purpose of this paper is to 
outline the requisites of a safety depart- 
ment and its program to stop the accidents 
occurring to employees at work in mines or 
industrial plants. 

The first requisite for a safety program is 
that the management must be convinced of 
the need and value of a real safety program. 
By ‘“‘management” is meant each depart- 
ment head from the president down. 
Otherwise a good safety department with a 
good safety program will not succeed be- 
cause it will not have the proper personnel | 
and equipment to work with, its rules and 
regulations will not be enforced, and the 
members of the safety department will be 
belittled in the eyes of most of the workmen 
and supervisors. 

Next, a safety engineer and his inspectors 
should have worked in the production end 
of the mines as workmen and also in an 
official capacity. They are then in a position 
to have practical and first hand knowledge 
of the accident hazards of the industry, 
how to prevent them, and in genera] the 
problems of both the workmen and 
officials. 

Some men are appointed as safety inspec- 
tors when they are physically unable to 
carry on as mine officials. Such men may 
know the safety end of the industry and 
even be safety-conscious, but if they are 
physically unable to be mine officials they 
are also physically unable to be safety 
inspectors, as a safety inspector in- our 
mines must walk from 2 to 4 miles on each 
daily inspection and visit each working 
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face in the section whether the coal be 
20 in. or 20 ft in height. Also, a safety 
inspector’s job should be a stepping stone 
to a better job such as foreman, assistant 
superintendent, or safety engineer. Such a 
practice will be an incentive for a safety 
inspector to do a better job. Therefore, the 
safety department should not be a place 
for pensioners. 

A good safety engineer need not be a 
superman. He should, however, have the 
same qualities that are needed by any 
other successful supervisor who has prob- 
lems and people with which to deal. Above 
all he must bea firm believer in safety and 
at all times practice what he preaches. The 
average person on or off the job quickly 
observes whether or not a safety man is 
safety-conscious. A firm believer in safety 
will automatically do things the safe and 
proper way. He will park his automobile at 
the proper place and get out of and into it 
the safe way. He will wear all the pre- 
- scribed safety clothing and other safety 
articles on the job and above all will follow 
the safety rules and regulations. He will 
remove safety hazards on the job and ask, 
not tell, the foreman or others to do like- 
wise. Besides acting safety he will talk it 
whenever the opportunity presents itself. 
Such a safety man is bound to spread the 
gospel of safety. 

No workmen or supervisors go looking 
for safety inspectors. Since inspections are 
a necessary part of a safety program they 
should be made as pleasant as possible. In 
our mines the safety inspector generally 
goes with the sectional forman and visits 
each working place. This takes from 4 to 6 
hr. First, so as not to delay the sectional 
foreman, the safety inspector should be on 
the job before 7 A. M., the time the sec- 
tional foreman starts on his daily visit. 
When safety hazards are found, the inspec- 
tor should allow the sectional foreman to 
do the talking to the workmen about cor- 
recting the hazard and the administering of 
a reprimand or summary discipline when 
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necessary. In fact this is a “must” with 
our company as the sectional foreman is the 
boss in the section. If and when the sec- 
tional foreman does not mention a hazard 
that the inspector has noted, the mere 
pointing of a finger at the hazard or a few 
words from the inspector are sufficient. 
During the inspection the inspector should 
mention recent accidents and particularly 
any that have occurred in that section or 
have been caused by any hazards noted in 
the section. At the end of the inspection 
he should advise the sectional foreman of 
the criticisms his report will contain. If the 
inspector has noted anything good or 
unusual in the section he should compli- 
ment the sectional foreman and do likewise 
to any workman whose working place is in 
good condition. If an inspector is tactful 
and friendly he is paving the way for work- 
men and supervisors to feel that he comes 
to help and not to criticize. At the same 
time an inspector must be a keen observer 
and report all hazards noted. Otherwise, 
even those being checked will consider 
him a poor inspector and have little regard 
for him as a safety inspector. 

It is a well known fact that no matter 
what a group of people is working for there 
is generally a good chance for harmony and 
success when fairness and cooperation are 
present. The safety engineer surely must 
have these qualities. He can be fair and 
still be a good safety engineer but he should 
not be a ‘“‘yes” man. When investigating 
accidents he can be fair by basing his con- 
clusions on facts and evidence observed at 
the scene of the accident and the testimony 
of any witnesses including the supervisor 
in direct charge. When the investigation is 
completed the safety engineer should dis- 
cuss his conclusions with the colliery 
superintendent. If their conclusions are not 
the same they should thoroughly discuss 
the facts but not write letters. If after the 
discussion they cannot agree the safety 
engineer should send through his report 
on which the colliery superintendent may 
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state his exceptions and reasons therefore. 
Such controversies with us do not occur 
often, but when they do occur and the 
general manager makes the final decision, 
the safety engineer should forget about the 
decision whether it be for or against him. 
The real purpose of an accident investiga- 
tion should be to ascertain the cause of it 
so that the facts may be passed on to all 
supervisors who in turn should pass them 
on to their workmen so that similar acci- 
dents may be avoided. 

There are numerous ways in which the 
safety department members may cooperate 
with the officials of the mines and other 
departments. Some of those ways have 
already been mentioned because being 
tactful, friendly and fair are means of 
cooperation. They should always secure 
safety articles and information for the mine 
supervisors when requested. When the 
promise is made to furnish such items that 
promise should be fulfilled. The safety 
department can and should be eager to help 


_ keep the colliery gas detecting instruments, 


anemometer, and such, in good repair and 
see that such items as air sample bottles 
and smoke tubes are provided. The safety 
engineer should attend all colliery meetings, 
day or night, when asked by the colliery 
superintendent and be ready to talk at such 
meetings. If not asked to talk he should not 
resent it, but above all he should be pre- 


_ pared if called upon to spread the gospel of 


safety. 

Another means of cooperation is for a 
safety engineer to have an open mind for 
safety suggestions from anyone and should 
welcome constructive criticism. After due 


consideration the person making the sug- 


gestion or criticism should be given a 
definite answer and whenever practical 
these suggestions should be given a trial. 

A safety engineer should be above the 
average writer and speaker so that he can 


' put safety facts on paper or talk to a group 


in an understanding and convincing man- 
ner. These facts whether written or oral 
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should be in the language of those who will 
read or hear them. It is realized that only 
a few persons are good writers and talkers 
but the safety engineer who does not have 
these abilities will be handicapped and 
therefore should spend considerable time in 
developing them. 

A safety engineer has many trials and 
tribulations. At times it seems that the 
more safety effort that is put forth the more 
accidents there are. At such and other 
similar occurrences he must redouble his 
efforts. If he becomes discouraged and 
proceeds accordingly perhaps both he and 
his program may be lost. 

Safety engineering is the planning and 
execution of those rules, regulations and 
practices necessary for the health and safety 
of persons employed in and about industry 
and for the protection and preservation of 
the property connected therewith. Most 
safety programs in any industry have cer- 
tain common practices which are to inspect, 
investigate, analyze accident statistics, 
keep the management informed through 
the proper presentation of these statistics, 
watch out for so-called safety incentives 
that are outdated and substitute new ones, 
and in general advertise safety continually 
throughout the property. These various 
practices must be made to fit the individual 
plant or company. 

The questions of inspections and investi- 
gations have already been mentioned. For 
inspections to be effective the report cover- 
ing same should be sent through at once. 
Our inspectors make out their reports on 
the same day the inspection is made. They 
state the safety hazards found and their 
locations. The original and one copy of the 
report are left with the mine foreman and 
the second copy is sent to the safety 
department. There is a column for the 
sectional foreman to state his comments or 
action taken. The original is then signed 
by him and the mine foreman and sent to 
the colliery superintendent for his informa- 
tion. If the hazards are numerous or 
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serious the superintendent discusses them 
with the sectional foreman and mine fore- 
man before he adds his comments and 
forwards same to the safety engineer who 
reviews it and sends it to the general 
manager with any necessary comments. 

We have periodic inspections by state 
and federal inspectors. It is the definite 
policy of our safety department and mine 
officials to aid and cooperate with these 
outside inspectors. The opinions of others 
regarding safety work are nearly always 
beneficial. 

The available accident statistics should 
be sufficient to show the trend of the gen- 
eral safety performance and_ principal 
contributing factors and in turn used to 
advantage. We have and use the following 
statistics: 

1. Statement showing number of eye 
injuries and lost time injuries for the cur- 
rent month and total lost time injuries to 
date for each sectional foreman, mine 
foreman, outside foreman, and _ total 
colliery. These statistics are published in 
the company’s monthly safety magazine, 
The Safety Commentator, which is sent to 
each official and most of the employees. 

2. Compensation department statement 
showing the number of fatal, serious and 
minor injuries by causes for each colliery 
monthly and yearly to date. My monthly 
report to general manager contains a sum- 
mary of this statement with my comments. 

3. A safety rating statement is made up 
monthly showing for each supervisor the 
number of lost time injuries, man days lost, 
man hours exposure, with the frequency 
and severity figures for each one. A quar- 
terly summary is made from these figures 
and sent to all supervisors and department 
heads. 

4. Safety department issues monthly 
statement showing fatalities by collieries 
yearly to date with monthly totals com- 
pared to previous years. This statement is 
posted on colliery bulletin boards and 
published in The Safety Commentator. 
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5. Monthly statement showing tons of 
coal mined per fatality for each colliery and 
total property. 

6. Statement showing the number of lost 
time injuries and number of cases of disci- 
pline monthly and yearly to date for each 
colliery official.: 

7. Annual statement from the medical 
department showing the number of injuries 
by classification such as fractures, lacera- 
tions, and others. 

8. The Dept. of Mines, Commonwealth 
of Pa., issues each two months The Safety 
Sentinel, which gives the details of each 
mine fatality, tons per fatality, and other 
details, for each mine and company. 

With such information available, statis- 
tics can be worked up in almost any form for 
the information of the safety department 
and management. No accident statistics are 
of any value if not used and not accurate. 
They should not be altered to make a poor 
record look good. A safety engineer who 
attempts to do this deceives no one but 
himself. 

We endeavor to keep safety continually 
before our workmen and colliery officials 
by publishing or posting the statements of 
statistics mentioned in (1), (2), (3), and 
(4), and by 

a. Awarding a large well-made safety 
flag quarterly to the mine foreman having 
the best safety record at his mine "as per 
the safety rating figures mentioned in (3) 
above. } 

b. Sending five mine officials annually to 
the National Safety Congress for having 
the best safety records annually in their 
respective areas. 

c. Having an organization known as thé 
Safety Key Men in which each supervisor 
becomes a member when there have been 
no lost time injuries to his men for a 
minimum period of twelve consecutive 
months. 

d. Awarding cash bonuses quarterly on a 
sliding scale to sectional foremen who keep 
their lost time injuries to a minimum. 
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e. Publishing monthly magazine known 
as The Safety Commentator and sending it 
to the homes of our employees. 

f. Participating in the National Safety 
Competition annually. Our mines have won 
the anthracite bronze trophy three times 
and also received numerous honorable 
mentions. 

g. Making first aid available to all em- 
ployees and having annual first aid meets. 

h. Having outside and inside bulletin 
boards. Safety bulletins must be practical, 
attractive and applicable to your industry. 

i. Presenting quarterly safe worker but- 
tons for all employees working in sections 
where there have been no lost time injuries. 

j. Having supervisors wear white safety 
hats from the first of each month until 
he has had a lost time injury’ in his 
section. 

We have tried safety meetings for all 
employees where we had good entertain- 
ment, valuable door and safety prizes, and 
short safety talks, but the attendance was 
too small to justify the expense. Safety 
certificates were issued quarterly to super- 
visors having no lost time injuries in their 
sections for 3, 6, 9 and 12 months. After 
several years so many were awarded that 
they lost their value and were discontinued. 
Our. Safety Commentator would give the 
facts in connection with each fatality on 


our property. Some of the officials con- 


sidered that this information in the homes 
of our employees had adverse influence 


Bor upon some mothers who would not allow 


their sons to work in the mines and this 
information was therefore discontinued. 
The above mentioned items are examples 


Sof safety incentives that were discontinued 


for the reasons given. A safety engineer and 
other officials must continually be on the 
lookout for the safety incentives that are 


q growing stale and new ones to take their 


places. Such new ideas are learned from 


1. Reading mining, industrial and safety 


magazines. 2. Visiting mines of other 
companies and extending the same privilege 
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to other safety men. 3. Belonging to or- 
ganizations such as the AIME, National 
Safety Congress, Mine Inspectors’ Insti- 
tute of America, and taking part in their 
programs. 4. Having an active association 
with the safety men from all the companies 
of your industry in your community. This 
is important. 

With all these methods of attempting to 
make the workmen and supervisory offi- 
cials safety-conscious, there remain a 
certain number of workmen and a few 
supervisors who show little response to the 
safety program. It is this group that pre- 
sents a real problem to an organization that 
has a well organized safety program. Such 
officials should be dismissed from super- 
visory work if they do not respond to the 
advice and warnings of their superior 
officers. These particular workmen should 
be well known by an alert supervisor whose 


-duty it is to pay special daily attention to 


them by instructing and insisting that they 
work safely. If such workmen do not then 
respond they should be disciplined when 
found disobeying instructions or safety 
rules. You must touch some workers’ 
pocketbooks to make them safety-con- 
scious. Discipline must be just and given in 
the proper manner. 

Unions could be of much help to the 
safety programs in their respective indus- 
tries. Many of the U.M.W. of A. officials 


* in our field are interested in the safety 


movement but they have no known safety 
program. It is my opinion that many of the 
workmen who now pay little attention to 
the employer’s safety program could be 
reached if the union would cooperate by 
requesting the local unions through a safety 
director of their own to hold safety meetings 
and otherwise urge the men to work safely. 
Such a safety program has recently been 
started in District 29 of the U.M.W. of A. 
at Beckley, W. Va., where there is a dis- 
trict union safety director who is working 
with the mining companies. This coopera- 
tion has already shown good results. 


Igo 


If there were a fire or explosion in your 
mine, or an explosion in your industrial 
plant, or if a heavy snow or wind storm 
caved in your plant roof and trapped work- 
men, including perhaps you, would you 
have to wait for outside help? Therefore, 
each safety program should include the 
training of enough men to take care of such 
emergencies. There should be on hand the 
proper type of rescue apparatus and emer- 
gency supplies for emergency purposes 
only. On such occasions immediate help is 
the most effective. 

A safety department should not be the 
dumping ground for those many odd jobs 
that do not belong definitely to any depart- 
ment, as time spent by the safety engineer 
on other work means just that much less 
time for safety work. When other work is 
assigned to the safety department perhaps 
there is another opportunity to advertise 
safety. In my case I am the contact man 
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with a local high school where vocational ; 


mining is being taught to the boys. I see to — 


it that these boys hear a lot about safety. | 
I also have charge of the company students ~ 


who are being trained to become super- 


visors. Their ten months’ schedules include — 


two months in the safety department. 

A safety engineer and his department 
should report directly to the operating head 
so that he will be under no obligation to any 
mine or plant official. He and his inspectors 
must report the facts and conditions as they 
find them. In safety when facts are hidden 
they generally turn up as injuries. 

A properly planned and executed safety 
program will pay for itself for it will prevent 
human suffering of body and mind of both 
the worker and his family and at the same 
time save the employer money in medical 
care, compensation and production. It ismy 
sincere belief that nearly all accidents are 
man made and can be avoided. 
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Safety Considerations for Flame-resisting Trailing Cables 


By F. E. Grirrrra* 
(New York Meeting, March 1947) 


SEVERAL disastrous and a great number 
of near-disastrous mine fires have been 
Started by igniting the combustible con- 
ductor insulation and outer covering of 
trailing cables. Those who have had exper- 
ience in fighting such fires know that they 
are extremely difficult to combat and 
extinguish owing to the irritating and 
noxious gases, fumes and vapors evolved 
from evaporation, distillation and com- 
bustion of the sundry compounds used in 
the construction of cables. 

When electric-motor-driven coal-cutting 
machines were first introduced in coal 
mines, the electricity was transmitted to 
the apparatus by two single-conductor 
trailing cables. Later, two-conductor par- 
allel and concentric types were developed. 
These early cables were made. with the 
materials available at that time with rela- 
tively little thought given to. using new 
materials or utilizing the old to the best 
advantage. The copper conductors were 
stranded to give flexibility, but there were 
too few strands and the method of laying 
them was such that they did not endure 
well the stresses of twisting and pulling, 
to which trailing cables used in mines are 
usually subjected. The rubber insulating 
compounds used were not satisfactory in 
resisting water, high temperature, and the 
crushing stresses encountered in mine 
service. The outer coverings were cotton 
or jute braids saturated with tars or 
asphalts having relatively no abrasive 
resistance. In fact, the only consideration 
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given to trailing cable design because of its 
extremely short life, was to construct it at 
the lowest possible cost. 

With increased electrification and mech- 
anization, more serious problems were 
encountered. Cables used in mines were 
exposed to more severe conditions than in 
any other industry. The excessive overload 
currents, poor heat dissipation, severe 
abrasion, crushing loads from falling mate- 
rial, runovers, and any of the other things 
that tend to destroy cable, called for vast 
improvement in trailing cable design for 
mine use. 

About 1918, one manufacturer who 
recognized the need for improving the 
toughness of cables in order to obtain 


_ greater safety and longer life, developed 


a special rope-stranded conductor, a 
superior rubber insulation compound and 
a tough rubber sheath or jacket compound. 
As a result of this type of construction, 
broken conductor strands were practically 
eliminated, the insulating material with- 
stood high temperature without undue 
disintegration, and the jacket, similar 
to that used for automobile tire tread, had 
high abrasion resistance, high tear resist- 
ance, and was waterproof. While the initial 
cost of these cables was higher than the 
jute-filled braided types, this disadvantage 
was more than offset by increased safety 
and longer service. 

Cables with these improved character- 
istics were first installed in mines in 1920. 
Since 1930, the use of braided trailing 
cables in coal mines has been almost com- 
pletely supplanted by the more superior 
types, employing high-grade rubber com- 
pounds for insulation and sheath. 

The next steps taken to improve the 
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toughness of trailing cables were brought 
about when the United States Bureau of 
Mines developed a crushing test. Cables 
that passed this test were especially recom- 
mended by the Bureau for use on mining 
machines. 

This test consisted generally of running 
a car loaded with pig iron having a total 
weight of 7 tons, over the cable specimen. 
If a failure of the electric-current-loaded 
conductors did not occur with a frequency 
greater than one in ten tests, the cable 
was recommended. Making cables to 
pass these tests involved changes in con- 
struction, many of which enhanced the 
overall safety and gave added life to the 
cable. 

Following the outbreak of war in 1941, 
the natural rubber used in the construction 
of trailing cables became unobtainable. 
This compelled the cable manufacturers, 
after most of the supply of reclaimed rubber 
had been exhausted, to use synthetic 
rubber which required some changes in 
techniques. The cable manufacturers ac- 
cepted the challenge and, as a result, 
developed cables with characteristics equal 
to those obtained with natural rubber. 
They learned or are learning that the 
proper compounding of neoprene (a type 
of synthetic rubber or chloraprene) gave 
highly desirable flame-resistant properties 
to trailing cables. ‘ 


FLAME-RESISTANT CABLES RECOMMENDED 


At a meeting of the Coal Mining Institute 
of America in December 1944, at Pitts- 
burgh, Pa., a prominent coal-mine operator 
praised the safety value of the flame- 
resistant properties of trailing cables used 
in his mine. He also proposed a motion to 
the effect that the Institute go on record 
recommending that trailing cables, having 
these properties, be used in all coal mines, 
and, further, that the Institute’s secretary 
write all coal-mine department administra- 
tive heads of the various states advising 
them of this action and suggesting that 


they endeavor to have their legislatures 


enact laws requiring their use. 

The Honorable Richard Maize, Secretary 
of the Pennsylvania Department of Mines, 
took immediate action. After a preliminary 
investigation, he prepared a suggested bill 
which was presented to the General As- 
sembly. It was enacted by the General 
Assembly as Act No. 206 and was signed 
by the Governor of the Commonwealth of 
Pennsylvania on May 15, 1945. The Act, 
in part, reads as follows: 

“cc 
cables on portable electric machinery in 
coal mines ... it shall be unlawful to 
operate any portable electric machine 
by means of a trailing cable . . . one year 
following its final passage . . . unless such 
cable is safely and efficiently insulated by 
flame-resisting material and approved by 
the Secretary of Mines... ” 


INVESTIGATION 


The Secretary, thus authorized, directed 
an investigation of the flame-resistant 
properties and characteristics of cables that 
would be suitable in these respects for mine 
service. The flame resistance cable require- 
ments of the Navy and Underwriters were 
studied. While cables passing these test 
procedures were excellent for the conditions 
under which they were to be used, these 
test procedures did not take into con- 
sideration such factors as internal heating 
from overload currents which often occurs 
in mines. It was the Secretary’s thought 
that the cable specimens should be tested 
in a manner that would simulate the most 
severe conditions they would be subjected 
to in coal mining. 

It was also his thought that the State’s 
requirements for flame-resistant properties 
of trailing cable should not be so stringent 
as to preclude its manufacture. In working 
out the requirements and specifications, 
it was necessary to develop a testing 
procedure by which cable samples sub- 
mitted by the various manufacturers could 
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be tested and the test data carefully 
analyzed to find the best performance in 
flame-resistant properties. This test would 
ascertain the cable showing the best 
characteristics. 

The Pittsburgh Coal Company graci- 
ously offered and provided the testing 
facilities. For their cooperation and helpful 
assistance, the Secretary of Mines and 
his representatives are deeply grateful. 

It was thought that a relatively long 
(6 ft, as compared to about 15 in. used in 
other tests) length of a cable sample should 
be used to prepare each test specimen, the 
reason being that in order to simulate a 
coiled cable or one that was wound on a 
reel, the cable specimen should be lapped 
back on itself and firmly held in this posi- 
tion. Also, since cables as used in mines 
are ordinarily lying flat on the floor, or 


suspended almost horizontally, the progress - 


the flame made while in this position 
should be the principal’ factor in deter- 
mining the cable’s value in preventing 
flame propagation. 

In the first tests made, the samples of 
cable, all of which were understood to have 
passed the flame-resistant test of the Navy 
and Underwriters, were ignited with an 
acetylene-air torch with no preheating 
by overload current on the conductors. In 
each of these cases the flame was “‘self- 
extinguished” quickly and very little of the 
sheath and insulating materials was con- 
sumed. With subsequent tests on samples 
of the same cables, the cable specimen 
was preheated prior to ignition by imposing 
an electric current load on the conductors 
and waiting until the superficial sheath 
temperature reached a pre-set value. After 
this, the cable specimens were ignited and, 
for the most part, showed decidedly poor 
flame-resisting performance. With many, 
the flames reached a height of several 
feet and were so intense that all com- 
bustible material of the sheath and insulat- 
ing compounds was consumed within a few 
minutes. 
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Many preliminary tests were conducted 
and much discussion with interested 
parties followed each series of preliminary 
tests. Finally, a tentative draft of the 
“Commonwealth of Pennsylvania, De- 
partment of Mines, Requirements for 
Testing the Flame-Resistant Characteris- 
tics of Trailing Cables” was prepared. 

On February 21, 1946, Mr. Maize called 
a meeting to discuss the proposed require- 
ments and the test procedure that was 
involved. Representatives from the In- 
sulated Power Cable Engineers Association, 
Pennsylvania coal-mine operators, Bureau 
of Mines, and the Pennsylvania Depart- 
ment of Mines attended the meeting. The 
proposed requirements were accepted, in 
principle, unanimously. ° 


REQUIREMENTS FOR ‘TESTING 


The statements contained in the Com- 
monwealth of Pennsylvania, Department 
of Mines “Requirements for Testing the - 
Flame-Resistant Characteristics of Trailing 
Cables” under the heading of ‘‘ General” 
are as follows: 

“These requirements cover the test 
procedure and test facilities that shall 
be used to determine the flame-resistant 
properties of cables. When a trailing cable 
is constructed in accordance with the re- 
quirements herein set forth, it shall be 
approved by the Secretary of the Depart- 
ment of Mines for use in underground 
coal mines of the Commonwealth of 
Pennsylvania. 

“The requirements are based upon 
records of tests and coal mine experiences 
and the Secretary of the Department of 
Mines reserves the right to revise them 
as further experience and investigation 
may show to be necessary or desirable. 
He may withdraw his approval if the 
flame-resistant properties are not main- 
tained to equal that of the specimen 
originally approved. 

“For purposes of definition any cable 
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that is pulled or reeled shall be considered 
a trailing cable. 

“Trailing cables which comply with the 
requirements will not be acceptable if 
they create other hazards not now found 
in present day cables. 

“The cable manufacturer shall be re- 
quired to provide the test facilities and 
conduct the initial tests. Tests on samples 
collected in the field will be conducted at 
U. S. Bureau of Mines. 

“A manufacturer desiring an approval 
of his product shall make his request to the 
Secretary of the Department of Mines, 
advising him that he is prepared to conduct 

“the tests in accordance with the require- 
ments. Upon receiving the request the 
Secretary will send a representative of 
the Department to the place designated 
by the manufacturer. The representative 
shall observe and collect data, report the 
results of the tests and make appropriate 

‘recommendations to the Secretary as to 
whether the cable or cables tested meet 
the requirements and specifications as 
hereafter listed. 

“A trailing cable that has met the 
minimum requirements and is approved 
by the Secretary of Mines, shall receive an 
approval number. For identification pur- 
poses the sheath or jacket of the approved 
cable shall bear an approval number which 
‘shall be prefixed by the letter P, and the 
conductor size shall be also shown. This 
mark shall be placed along the sheath 
covering at intervals not exceeding twelve 
(12) feet.” 

These statements outline the conditions 
under which cables shall be approved by 
the Secretary or under which he shall 
withdraw his approval; they contain a 
definition of a trailing cable; they state 
who shall conduct the tests; the procedure 
to be followed to obtain approval; and 
how the cable shall be marked for identifica- 
tion purposes. I do not believe they need 
further amplification or clarification. 


SAFETY CONSIDERATIONS FOR FLAME-RESISTING TRAILING CABLES 


Specimens, Facilities, and Test Procedure 


Under the main heading “Facilities and 
Test Procedure for Determining the Flame- 
Resistant Characteristics of 600-Volt Trail- 
ing Cables,’ subheading ‘‘Specimen,” the 
requirements contain the following: 


Specimen 


1. The test specimen shall consist of a 
six-foot length of cable and it shall be bent 
at its center to form a closed “U.” 

2. The sheath or jacket shall be removed 
from the terminal ends of the specimen a 


distance of approximately five (s) inches ° 


and the insulation compound shall be re- 
moved a distance of approximately two- 
and-one-half (214) inches from the end 
of each conductor. 

3. The bent cable specimen shall be 
clamped with three one-half (4%) inch 


‘wide and o.o1s5 thickness gauge metal 


bands. The center of the first band shall 
be placed seven (7) inches from the ‘ter- 
minal ends of the cable specimen, and the 
second and third bands shall be spaced 
eleven inches apart respectively, beginning 
the measurement from the center of the 
first band. See Fig 1. 

4. The conductors of the cable speci= 
men, except those to be connected to the 
source of power, shall be connected so as 
to provide a series circuit through the 
conductors. : 

These numbered statements give the 
length of the specimen and how it shall be 
prepared and connected to the source of 
power. 

The reasons for being so specific with 
the dimensions and general arrangement 
of the’ specimen were to minimize the 
influence of variables that may change 
the test results. 

Under the same main heading are two 
other subheadings: Test Apparatus and 
Facilities, and Test Procedure. The state- 
ments following each of these are self- 
explanatory, and it is believed need no 
elaboration. They contain the following: 
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“Test Apparatus and Facilities 


“t. The source of electric current for 
loading the cable specimen may be either 
alternating current or direct current, shall 
have sufficient current capacity, and shall 
be provided with a means for closely 
regulating the electric current. 
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“7, A room, hood, or canopy that is 
generally free from air currents shall be 
provided for conducting the tests. 


“Test Procedure 


“, The cable specimen shall be placed 
in the rack and connected to the electric 
current source. The specimen ‘shall be 


Hear Measurina 
InstTRUMENT 


Fic 1—DETAILS OF SPECIMEN PIECE OF CABLE 6 FT IN LENGTH FOLDED PARALLEL. 


“9, An accurate ammeter shall be 
provided for measuring the electric current 
load imposed on the cable specimen 
conductors. 

“3. A suitable and accurate temperature 
measuring device or devices shall be pro- 
vided to determine the sheath or jacket 
temperature. 

“4. A rack shall be provided for sup- 
_porting the cable specimen, and it shall 
have four metal rods spaced on 8-inch 
centers. The rods shall be wrapped with 
asbestos tape to minimize cooling effect, 
and the height of the rack shall be sufficient 
to permit the inner cone tip of a Tirrill 
(bunsen) burner, having a nominal bore 
of 3g inch, to contact the sheath of the 
cable specimen. 

“eA timing device shall be provided, 
. such as a stop clock or watch equipped 
with a second hand that makes one revolu- 
tion per minute and it shall have a minute 
indicator. 

“6, A standard Tirrill (bunsen) burner 
for igniting the cable specimen at the 
hereafter designated time shall be provided. 


adjusted in the rack so that the band on the 
terminal end will clear the inner side of 
the first supporting arm by one-half inch. 

““s. The current loading of the specimen 
conductors shall be 400 pct in excess of its 
normal current rating. The normal current 
rating for the cable conductor size under 
test shall be as follows: 


AMERICAN WIRE NORMAL CURRENT 


GAUGE RATING 
I4 18 
12 23 
Io 31 

8 4I 

6 54 

5 63 

4 72 

3 83 

2 96 

I IIo 

(0) 127 
00 145 
000 166 
0000 193 


“3. The current load shall be main- 
tained on the cable specimen until the 
sheath temperature reaches 350 degrees F 
and plus one minute of time has elapsed 
for ignition. 

“a. The thermocouple of the tempera- 
ture measuring device shall be placed 
under the center metal band at points of 
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tangency between the sides of the cable 
specimen. 

“5. The ignition of the cable specimen 
shall be by a Tirrill burner having an 
inner cone of three (3) inches in length. 
The tip of the inner cone shall be placed 
against the bottom sheathes of the folded 
specimen at a point one-and-one-half (114) 
inches from the first metal band (terminal 
end) and allowed to remain in this position 
for one minute before it is removed. 

“6. The heating time including one 
minute ignition time and the burning 
time (after the one minute ignition time) 
shall be noted and recorded. The total 
length of the charred or otherwise de- 
stroyed sheath shall be measured and 
recorded as inches propagation. The meas- 
urement of flame propagation shall be 
between the two extreme burned points 
on the folded cable specimen.” 

The “‘meat” of the “Requirements” is 
listed in the concluding paragraph under 
the main heading, “‘The Approval of a 
Cable,” and is as, follows: 


THE APPROVAL OF A CABLE 


‘A cable will be approved by the Secre- 
tary of the Department of Mines of 
Pennsylvania, when a sample of it has 
been tested in accordance with and meets 
the foregoing requirements, and when the 
propagation does not exceed fourteen (14) 
inches.” 

In other words, if the measurement 
between the two extreme burned points 
on the folded cable specimen exceeds 
14 in., that cable will not be approved 
even though all the other requirements 
have been met. One year has elapsed since 
the Pennsylvania Department of Mines 
prepared and promulgated the foregoing 
requirements and specifications on flame- 
resistant trailing cables. A number of 
_ coal-mining companies are 100 pct equipped 
with approved cables, and other companies 
in Pennsylvania are rapidly approaching 
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100 pct installation. It may be of interest 
to note that coal and metal mining com- 
panies in other states are demanding that 
newly purchased trailing cables meet the 
flame-resistant requirements of the Penn- 
sylvania Department of Mines. 

At previous discussions of this subject 
several interesting questions were asked 
concerning the properties of flame-resisting 
cables that meet these requirements. These 
were:. 

Question: Has the flame-resistant trailing 
cable been tested under actual mining 
conditions? If so, for how long a period 
and to what type of equipment was it 
applied? 


Answer: At least one manufacturer’s 


‘trailing cables having these flame-resisting 


properties have been in service for a period 
of more than two years, and were used on 
all types of mine electric-motor-driven 
equipment. 

Question: Does the flame-resistant cable 
compare favorably with other cables when 
used on cable-reel equipment; that is, will 
it withstand the continued reeling and 
unreeling action required of many cables, 
and will it withstand this action without 
cracking the outer jacket? 

Answer: The answer to this question is 
an unqualified ‘‘Yes.”’ 

Question: Compared to prewar cables, 
will the insulation of this cable protect 
the conductors against mechanical blows, 
and will the sheath withstand abrasion 
due to reeling and unreeling and wear 
over sharp edges of coal and rock? 

Answer: From my observation the prop- 
erties are about equal in these respects. 
However, there are some added advantages 
in that the flame-resistant cables have 
greater resistance to oxidation and damage 
from petroleum products. 

Question: Does the method of insulating 
a splice in a flame-resistant cable differ 
from previous practices? 

Answer: There is no essential difference. 
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Question: Have there been any fires re- 
ported as a result of the ignition of these 
cables? 

Answer: Yes. But after an investigation, 
it was found that actually no flame was 
observed by any of the workmen who 
were present. A composite story related 
by the workmen was as follows: That 
shortly after the installation of an approved 
trailing cable on a ‘‘rubber-tired buggy,” 
the new cable fouled in the spooling 
mechanism of the buggy when traveling 
in an inby direction. When this occurred, 
the momentum of the vehicle violently 
jerked the cable pulling apart. The break 
was repaired and about 30 min. later, the 
cable failed at another point. After repair, 
the cable operated satisfactorily for the 
remainder of this shift. Two additional 
failures of this cable occurred during the 
subsequent or night shift. 

On the following day, the buggy stalled 
near the loading machine. , After about 
30 min. of attempting to move the vehicle 
under its own power, it again started 
traveling slowly toward the “‘car-loading”’ 
point. The buggy operator noted that the 
trailing cable was very hot and exuding 
gases at a point beginning approximately 
200 ft inby the fused power tap. The opera- 
tor reeled up the hot cable while traveling 
to the loading point, stopped the machine, 
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and removed the power tap. He then 
proceeded to notify the maintenance 
mechanic. During his absence other mem- 
bers of the mechanical-loading crew smelled 
the products evolved from the heated 
cable. On investigation, they found these 
products coming from the reel assembly of 
the buggy. They pulled the hot cable off 
the reel and cooled it with water. 

The direct current at this mine is gen- 
erated at 275 volts. The approved trailing 
cable used on the buggy was a two-con- 
ductor concentric No. 6 and the tap fuse 
was 200-amp rating. 

Apparently four things were wrong in 
this particular case. First, the threading 
or reeling mechanism was faulty causing 
the cable to foul or jam, which imposed 
sufficient stress to pull the cable apart and 
obviously damage the insulation between 
the conductors. The latter is indicated by 
the three reported failures before the heat- 
ing occurred. Second, the conductors were 
too small to handle normal current de- 
mand. Third, the tap fuse was of too high a 
rating. Fourth, the hot cable should not 
have been reeled up. 

The use of No. 4 three-conductor cable 
was recommended; also, that fuse no larger 
than 80 amp be used, and, if a cable should 
heat, it must not be reeled up but stretched 
on the mine floor. 


Safe Timbering of Working Places in Mobile Loading 


By E. F. MItier* 


THE subject “Safe Timbering of Work- 
ing Places in Mobile Loading” is one that 
requires an analytical study of the strata 
both above and below the coal seam as well 
as the characteristics of the coal seam itself. 
The projection or mining plan must be 
based on economic roof control in which 
the application of timber can be minimized 
without incurring cost increases in other 
phases of production. The several types of 
loading machines in common use today 
are not adaptable to the same projections 
or timbering systems. Consequently the 
type of equipment to be used must also be 
considered. For these reasons the writer 
does not believe that the problems of 
timbering in working places can be dis- 
cussed without simultaneously considering 
economic production as well as the safety 
of men and the conservation of equipment. 

Prior to the introduction of loading 
machines as a substitute for the pick and 
shovel system of loading coal, the care 
and maintenance of the individual working 
places were generally the responsibility 
of the coal loaders who worked in them. Up 
to that time very few coal companies had 
developed and applied fixed and definite 
standards for timbering the working places 
in the mines they operated. 

It is common knowledge that mechanical 
loading of coal has had several false starts 
in the last twenty-five years and it is only 
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in the last decade that it has developed 
to the stage at which we now find it. 
During this twenty-five year period the 
management of the more responsible 
companies have come to realize the tre- 
mendous importance of roof control in 
coal mining. From a safety viewpoint, 
the lack of roof control has been and still 
is responsible for more than a third of the 
industry’s annual fatality experience. In 
recent years workmen’s compensation and 
insurance rates have steadily increased 
while the profit margin has decreased al- 
most to the point of elimination. From 
an economic operating viewpoint, the 
failure to properly control roof is quite 
often the most costly single phase of coal 
mining. 

Since the manufacturers of loading ma- 
chine equipment have so improved their — 
machines that normal care and maintenance 
can reduce to a minimum the time lost 
because of mechanical failure the produc- 
tion delays from other causes have assumed 
a far greater importance. Roof control in 
the broad sense and in the light of con- 
centrated mining plans or projections that 
are adapted to mobile loading should be 
regarded as one of the major problems in 
the inseparable phases of production and 
safety of the workman and equipment at 
the working face. 

The subject of this paper cannot be 
treated properly unless what is said here 
is based upon the broad and fundamental 
problem of general roof control. The suc- 
cessful solution of a problem arising in any 
industry must have its origin in a complete 
anakysis of the known facts or factors 
that pertain to it. The several illustrations 
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that appear here as a part of this article 
are photographs that were taken in a mine 
operating in the Pittsburgh No. 8 seam 
in the Fairmont region of Northern West 


/ 


129 


kK 


Virginia. 


Surface 


Sandstone 


Sandy shale 


Limestone 


3 Dark shale 


Dark shale 


=; Limestone 


y 


6 pial 98" 


Limestone and shale 


x 


S) Limestone 


a 


Limestone and shale 


/ 


6°61 6 


Limestone 


i 


: 
H 


Limestone and shale 


: 


i 
f 


i 
a 
i 


| Sandstone 


| 


: 


1 
f 
l 
I 
I 


| 


Sandstone 


3443" 


‘ 
i 


: 


i 
} 


Elevation surface 956.5 3 


13272" 


199 


lem: 1. Columnar consist of overburden. 
2. Structural strength of the coal seam to 
be mined. (a) Factor of resistance to the 
disintegrating action of ventilating air 
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Fic 1—CHART SHOWING PitTsBuRGH No. 8 SEAM OVERBURDEN. 


In this area of the West Virginia 


coal fields, proper roof control has been a 
major factor in the successful production of 
coal from that seam. 


ANALYSIS 


For convenience in presentation the 
analytical steps are enumerated in the 
preliminary study of a roof control prob- 


currents. 3. Beam strength of the strata 
composing” the” immediate roof. (a) Maxi- 
mum width of “primary entries or rooms 
consistent with taking full advantage of the 
beam strength of the immediate roof, to 
the end that a minimum of timbering 
will be required. 4. What portion of the 
total overburden must be supported by 
face timbering. (a) Over what period of 
time will proper roof control depend on 
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face timbering. 5. What center interval in 
first mining would be most advantageous 
to insure support of the roof without move- 
ment of the overburden and at the same 
time provide the maximum percentage of 
total extraction. 
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PLACES IN MOBILE LOADING 


attention to projection plans, as well as — 


necessitating extensive research into the 
physical characteristics of the coal seam, 
and the strata prt and underlying the 
seam. 

Fig 1 is a chart showing the Pittsburgh 
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Fic 2—ACTIVE SECTION,. 


All the above items may be properly 
classified as essential to the projection for 
the mining of any coal seam. The relation 
of mining projection and development to 
roof control in working places is a very 
close one. Consequently the development of 
standard plans and timbering procedures 
for working face application requires close 
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PirtspurGH No. 8 SEAM. 


No. 8 seam overburden as it was taken 
from a record of shaft excavation recently 
made at a Northern West Virginia mining 
operation. 

While the overburden ranges from the mie 
crop to approximately 600 ft, this section is 
somewhat characteristic of the general area 
and represents an average overburden, 
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The seam is shown as 8 ft to in. thick 
but actually averages about 8 ft 3 in. The 
seam contains several thin bands of bone 
coal, one of which is about 1 in. thick and 
is uniform in occurrence with relation to 
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strata have sufficient strength to support 
the overburden over fairly wide areas, but 
will break ‘‘clean” after the pillars and 
supporting timbers have been removed. 
Settlement and pillar “cracks” on the 


Fic 3— MAIN LINE TRACK SHOWING ROOF CONDITIONS UNSUPPORTED BY COAL. 


the top of the seam. The seam is underlaid 
with some 2 to 4 in. of hard shale over a 
13 ft bed of low grade fire clay. Because of 
the expansive nature of the fire clay after 
it has been exposed to air or water, this 
13 ft bed of fire clay has a distinct bearing 
on the projection of the mine and on the 
safe timbering of the working faces. 

- Immediately above the coal seam is a 
3 ft 10 in. thickness of what is designated as 
shale and bone coal; ro in. of soft fire clay; 
1 ft ro in. of rider or “wild” coal and 
to ft 8 in. of dark shale. The occurrence 
of the rider or ‘‘wild” coal is not uniform 
and its disappearance presents one of the 
most serious problems in roof control. The 
remainder of the overburden will not be 


discussed, other than to state that the 


surface are easily discernable along a good 
pillar line regardless of the height of the 
overburden. 

The operation of the Pittsburgh No. 8 
seam has been a major industry in Northern 
West Virginia for the past half century and, 
by trial and error, the block system retreat- 
ing on a 45° pillar line has become the 
predominating system where maximum 
recovery is expected. The maximum dis- 
tance between break-throughs permitted 
by West Virginia State Law, is now 8o ft. 
In other words, 80 ft is the maximum 
length of a side of a square block which 
may be left for retreating when the block 
system is used. 

In Fig 2, which is a map of an active 
section in the Pittsburgh No. 8 seam, the 
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7 North Panel was developed as a five 
entry system on a center interval of go ft 
for entries as well as crosscuts. This panel 
was developed to a depth of approximately 
3000 ft from its intersection with the main 
entry: system. In retreat mining four addi- 
tional headings were driven and the pillars 
extracted as indicated. The far end of 8 
North Panel and go North Panel were 
developed as six-entry systems on a center 
interval of 80 ft which will increase the 
percentage of coal from first mining from 
3034 to 34 pct. Only a sufficient number of 
places are advanced in first mining to 
provide for adequate ventilation and 
haulage. This provides for the limited 
amount of open area in which the roof 
must stand or be supported. 

Since the life of a panel seldom exceeds 
two and one-half years it has been found 
that a coal roof will usually support itself 
in normal seam conditions in a 15 ft wide 
place until actual pillaring has begun. 
The width of the place and the percentage 
of coal extracted in first mining is a ques- 
tion for the individual operation, but ex- 
perience at this particular mine indicates 
that approximately 34 pct of the seam is all 
that can be extracted in first mining when 
maximum recovery is expected. 

Since the working place of today often 
becomes the haulway, manway or airway 
of tomorrow, attention is called to Fig 3 
which illustrates a main line track where 
roof conditions were such that coal top 
would not support it. 

In this particular section of the mine the 
“wild” coal which was discussed under 
strata was cut out by a soft draw slate. 
As the entry was developed it was timbered 
by means of 6-in. round oak crossbars 
14 ft long on round oak posts. The crossbars 
were normally set on centers of 4 ft but 
during the development stage the bars 
became so heavily laden that they had to 
be reenforced with similar timber set be- 
tween each two of those primarily installed. 
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The reason for such roof action is that the 
coal top, without the aid of the wild coal, 
is usually insufficient to prevent air from 
attacking the upper fire clay, which upon 
expansion can seldom be stopped, regard- 
less of the type of timbering. 

Prior to the grading of the road bed 
and the construction of permanent main 
line haulage road, primary timbering had 
to be removed and the fallen debris loaded 
out to make way for the kind of timbering 
illustrated. 

Because of the expansive nature of the 
fire clay bottom, piers are used only as a 
last resort, and at crosscuts, as shown in the 
figure. Piers have answered satisfactorily 
only when massive or placed well back 
in the rib which requires channeling. In 
the illustrated pin timbering a rail mounted 
Cardox drill was utilized to drill holes in 
the coal rib after which sections of No. 60 
rail were grouted in place to serve as 
cantilever beam supports for the simple 
beam on which the steel crossbars were 
placed. The area between the crossbars 
and the top of the caved area was filled 
with such scrap material as locust, used 
treated timbers, and pipe. 

Fig 4 shows a particular section of a 
haulage road which was developed during 
the war, or when steel was not available. 
Although the roof in this section of the 
mine is strong, the importance and the life 
of the entry decreed that no chances be 
taken in exposing the fire clay. 

To guard against such emergencies zinc — 
chloride-treated 7 X 9-in. hardwood was 
framed and set as shown. 

Fig 5 as well as Fig 6 and 7 show mr 
clearly the ordinary conditions found in the 
Pittsburgh No. 8 seam. In mining opera- 
tions, 3 in. of coal is left on the bottom 
by undercutting machines and the coal is 
blasted in such a manner as to leave 10 
to 18 in. of coal for immediate roof. This 
loss of top coal is not serious as the top of 
the seam is so high in inherent sulphur and 


*. 
~~ 


MILLER 


Ho Fs 


Fic 4—SECTION OF HAULAGE ROAD DEVELOPED WHEN STEEL WAS UNAVAILABLE 


LIFE AREAWAY. 


Fic 5—TIMBERED SHORT 


204 SAFE TIMBERING OF WORKING 
ash that if loaded it would contaminate the 
remainder of the seam. 

In narrow places the thickness of coal 
left for roof is usually strong enough in 
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beam action to prevent the separation of 
roof strata in the fire clay streak between 
the shale and the wild coal above it. Under 
ordinary mining conditions, places up to 
15 ft in width will usually stand without 
timbering for a period of three years. In 
sub-standard roof conditions it is often 
found necessary to timber short-life area- 
ways as shown in Fig s. 

Center posting in this territory has not 
been found successful as the heaving action 
of the underlying fire clay, which is much 
more severe in the center of the place, 
_ will usually break the posts leaving the 
roof unsupported. 

In 1939 and 1940 the West Virginia 
State Department of Mines found it neces- 
sary to make a ruling applicable to all 
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mobile loading operations in the state. 
This ruling required the protection of 5 
crossbars over a mobile loading unit while 
it is in operation. In straight line work such 


as some permanent haulway where few 
turns were necessary, the type of timbering 
shown in Fig 5 was found satisfactory 
for face timbering when it was to remain 
in place for the life of the entry. 

For ordinary face protection in the de- 
velopment of narrow headings and cross- 
cuts, with large mobile loading equipment, 
the posts and crossbars shown in Fig 5 
are not desirable. Where frequent turns 
are necessary the post and crossbar become 
a hazard as they may be knocked out by 
any piece of mobile equipment. To protect 
the workmen and equipment from such a 
hazard the type of face timbering shown 
in Fig 6 and 7 was developed. 

In this method for timbering faces the 
cycle of face preparation work was slightly 
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changed so that the drilling for blasting 
preceded the operation of the cutting 
machine. The drillers were provided with 
a short drill and drilled four shallow holes 
in the ribs after each successive fall of 
coal had been loaded. A pin of the type 
shown here was then inserted in each 
of the four rib holes. An ordinary mine 
tie was then placed across each pair of 
pins at right angles to the face of the coal, 
after which the outby pair of crossbars 
was taken] ‘down and set as indicated 
adjacent to the face. Two kinds of pins 
will be noted in this photograph. In the 
experimental stage the pins were cut from 
114 in. round common steel stock. After 
these pins had been in use for some time 
it was noticed that the wedging of the 
crossbars was bending them to the extent 
that they had to be brought to the surface 
for straightening. Instead of buying more 
stock to cut into pins, discarded No. 30 steel 
rail stock rounded on one end to fit an 
ordinary coal drill hole was used. This 
proved to be a more suitable type of pin for 
temporary face timbering application. 

In order to further reduce the labor 
and material cost of temporary face timber- 
ing in development areas, the kind of pin 
crossbar support shown in Fig 7 was de- 
signed and built. It consists of a 36-in. 
section of No. 30 rail, 18 in. of which is 
rounded to fit an ordinary coal drill hole 
with a U shaped 3 X 4 in. steel bracket 
welded to the flange of the rail on the 
opposite end. In applying this type of cross- 
bar support only one bar is set per cut of 
coal which is equivalent to an interval of 
814 ft. Only one drill hole is required in 
each rib per cut. 4 X 6-in. X 14 ft crossbars 
are set over the brackets. The bar is held 
tightly against the roof by means of wedg- 
ing between the bracket mounted on the 
pin, and the crossbar. In this type of pin 
support for crossbar face timbering care 
must be exercised as to the placement of 
the holes close enough to the roof to prevent 
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the turning of the pin in the hole after the 
rectangular shaped crossbars are placed 
in the brackets preparatory to wedging 
them tightly in place. This method of face 
timbering has eliminated all accidents re- 
sulting from the knocking out of posts by 
moving equipment. 

Fig 8 illustrates crossbar timbering in a 
pillar lift. The photographer stood in one 
of the excavations made in first mining and 
the picture shows the pillar face which 
has been made by successive cuts off the 
back end of one of the blocks which was 
left after first mining. On the go ft center 
projection these blocks are 75 ft square and 
require 3 lifts off the back end of each 
block to remove the pillar. On the 80 ft 
center projection the blocks are removed 
by driving two lifts through the pillar. In 
driving the lifts care is required to leave 
intact approximately 2 ft of coal between 
the working face and the caved area. This 
fender provides additional protection to the 
workmen and also prevents the contamina- 
tion of the coal by the debris. 6-in. round 
crossbars on 6-in.. round posts are set on 
4 ft intervals as the face advances, for the 
protection of men and equipment. 

To insure the prompt caving of the 
place after the pillar lifts have been driven 
through to the gob area, crossbars are 
pulled by means of a shuttle car and steel 
cable. Normally, 50 to 60 pet of the round 
crossbars are recovered in this operation 
and are used again. Generally, all the posts 
are lost when the roof fall is made. 

In this general plan of mining, systematic 
caving of the mined area is an absolute es- 
sential to successful roof control in sub- 
sequent and adjacent mining. When the 
coal has been extracted from a pillar lift 
and the temporary timbering drawn, the 
overburden is fractured along the line of 
intersection between the unmined coal and 
the mined area. Thus the pressure of the 
overburden on the unmined coal seam is 
relieved in much the same manner as the 
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pressure on the supporting member of a 
cantilever beam is relieved when the beam 
fails at the point of support. In the event of 
failure to fracture the overburden as the 
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to waste its natural resources to the extent 
that it has been doing for the past century. 

Fig 9 represents some sketches of a 
system of pillaring with loading machines 
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pillars are extracted, the overburden will 
subside in a bending action developing 
what is called “squeezes.” If 
this occurs, many working face roof control 
problems are induced. Quite often the roof 
control problem may become so expensive 
and hazardous as to make it necessary to 
stop the mining of coal in the area in which 
the ‘‘squeeze” occurs. In the general 
~ system of mining outlined here, an average 
of 90 pct extraction of the seam may be 
expected. 

Numerous attempts have been made to 
improve upon the method and safety of 
recovering pillars in the Pittsburgh No. 8 
seam of coal 

Naturally greater safety could be at- 


tained at the expense of extraction but it is 
questionable if our country can continue: 


“rides” 


used in one mine in the Pittsburgh No. 8 
seam in 1923. 

Working face roof control was primarily 
accomplished by temporary crib lines 
which were taken down and reset as-the 
pillar working face was retreated. Whether 
or not the terminology was correct, these 
temporary cribs were called “‘jump”’ cribs. 
The descriptive term “jump” probably 
had its origin in the movement of the crib 
blocks when the key block was removed to 
take out the crib. The blocks would spring 
some 8 to 1o ft toward the retreating work- 
ing face upon removal of the key block. Of 
course, the reason for this was the con- 
struction of the crib and the subsiding 
action of the overburden. 

At the stage of retreat mining indicated 
in the detail of the working face in this 
figure, two cribs adjacent to the gob area 
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on the new line were set before any of the 
cribs in the preceding location were taken 
out. Then the No. 1 crib on the old line 
was taken down and the crib blocks reused 
to build the No. 3 crib on the new line. 
This procedure was repeated until all the 
cribs on the old line had been taken down 
and reset in the new location as illustrated. 
If the weight of the overburden had not 
been such as to compact a pile of fine coal, 
used as a foundation for the superimposed 
crib blocks on the gob side of the crib, 
the crib could be ‘‘jumped” by removing 
part of this pile of coal with a shovel, 
while standing in a position near the post 
that was set between each two tiers of 
crib blocks. In the event the pile of slack 
at the base of the rear side of the crib had 
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been too tightly compressed to be easily 


removable, the crib was “jumped” by 
dragging the point of a pick through the 
2-in. bed of slack that was used as a founda- 
tion for the bottom crib block on the front 
side of the crib. The downward pressure 
of normal subsidence would then dislodge 
the remaining blocks of the crib in much 
the same manner as the pressure of a 
thumb and forefinger removes the edible 
portion of a blue grape from its skin. The 
posts set between the tiers of crib blocks 
were left in place and wete subsequently 
broken by roof subsidence. 

This method of face timbering, of course, 
required very close supervision but asa 


reward, provided high unit production and 


maximum extraction. 


Transportation Hazards—Causes and Prevention 


By Anprew Hystop, Jr.* 


(New York Meeting, February 1948) 


IN our never ending search for new and 
better ways of underground mining, we 
find that transportation has had its share 
of new ideas in the past few years. The old 


tem; likewise the requirement of greater 
clearance tends to increase roof hazards 
which we all know to be great enough with 
the best of methods. However, the subject 
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_ Fic 1—ILLusTRATING FOR ILLINOIS, A SLIGHT DOWNWARD TREND IN FATALITY RATES FOR TOTAL 
FATALITIES AND ROOF-FALL FATALITIES. 
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and still effective method of track haulage 
has had some competition from rubber- 
tired cars and belt conveyors, each of 
which has its own safety hazards which 
demand close scrutiny in any safety study. 
The use of shuttle cars, in particular, has 
introduced clearance hazards caused by 
the absence of the more or less positive 
guides formed by the rails of a track sys- 

Manuscript received at the office of the 
Institute February 17, 1948. Issued as TP 2452 
in Coat TECHNOLOGY, November 1948. 


*Chief Engineer, Hanna “ea Company, 
St. Clairsville, Ohio. 


of transportation hazards is too broad to be 
covered entirely in one paper, so I will 
confine myself to track methods which 
carry the preponderance of underground 
tonnage. 

I am quite sure that to this group it is an 
evident fact that haulage accidents are of 
major importance. However, to stress the 
point, it may be well to look at a few 
figures. Safety statistics can be quite boring 
and often are subject to question as to 
mathematical accuracy because of different 
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methods of compilation and computation Fig 2 illustrates the fatality rates na- 
but a few are presented to give an approxi- __ tionally for all bituminous coal mines. The 
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Fic 2—ILLUSTRATING THE FATALITY RATES NATIONALLY FOR ALL BITUMINOUS COAL MINES. 


BITUMINOUS - 


TOTAL FATALS 
933 


FATAL ACCIOENTS FATALS PER /IOOO EMPLOYEES 
RAT1O 1.433 RATIO 2.75.1 


ANTHRACITE 


TOTAL FATALS TOTAL 
SRY <i | ae 2.05 
FATAL ACCIDENTS FATALS PER 1000 EMPLOYEES 
PATIO 1-693 RATIO 2.35.1 


Fic 3—INDICATING THAT HAULAGE FATALITIES ACCOUNTED FOR 23 PCT AND 14.5 PCT RESPEC- 
TIVELY OF TOTAL FATALITIES IN THE BITUMINOUS AND ANTHRACITE MINES OF PENNSYLVANIA 
DURING 1944-1946, WHILE ON AN EXPOSURE BASIS HAULAGE EMPLOYEES HAVE A MUCH GREATER 
LIABILITY TO FATAL ACCIDENTS THAN OTHER EMPLOYEES. 
mation of the values involved in our trend of roof fall fatalities is definitely 
subject. downward while the haulage fatality rate 

Fig 1 shows for the state of Illinois a again remains constant. 
slight downward trend in fatality rates for Fig 3 indicates that haulage fatalities 
total fatalities and roof-fall fatalities, while accounted for 23 and 14.5 pct respectively 
the fatality rate for haulage remains essen- _ of the total fatalities in the bituminous and 
tially constant for the past 14 years. anthracite mines of Pennsylvania during 
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1944-1946. However, when the fatality frequency ratios for roof falls and haulage in 
rates are compared on an exposure basis, _ the state of Illinois. 


the frequency rates for haulage employees Fig 5 is a comparison similar to Fig 4 
FATAL _ACCIDE/Y7TS NON FATAL ACC/DENTS 
KAT/O |: 4.55 RATIO /:1-72 
WALLS 
48 
FATAL FREQUENCY NON FATAL FREQUENCY 
RATIO /.46:/ KATIO 3.65 :/ 


Fic 4— COMPARATIVE RATIOS FOR FATAL AND NON-FATAL ACCIDENTS AGAINST FREQUENCY RATIOS 
FOR ROOF-FALLS AND HAULAGE IN ILLINOIS. 


HAULAGE 
384 


FATAL ACCIDENTS. NON FATAL_ACCIDENTS 
KATIO 1: 21/2 KAT/IO 1.42: / 

FATAL FREQUENCY NON FATAL FREQUENCY 
KATIO 3.48 :/ KATIO 10.5 :/ 


Fic 5—CoMPARISON SIMILAR TO Fic 4 FoR WEST VIRGINIA. 


are disproportionately higher than for for the state of West Virginia. The haulage 

other employees. ; frequency in non-fatal accidents again 
Fig 4 gives the comparative ratios for predominates. 

fatal and non-fatal accidents against the Knowing these facts, the mining indus- 
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Fic 6—A FAMILIAR SIGHT IN MOST MINES. THE CONVENTIONAL MINE LOCOMOTIVE ESSENTIALLY 
THE SAME BASIC DESIGN AS MOST LOCOMOTIVES STILL BEING MANUFACTURED. THIS IS A DELUXE 


MODEL WITH AN UPHOLSTERED SEAT. 


Fic 7—THE SAME TYPE LOCOMOTIVE AFTER BEING REBUILT IN OUR SHOP. THE SQUARE END 
BUMPERS ARE REPLACED WITH SEMICIRCULAR PLATES ON BOTH ENDS OF THE LOCOMOTIVE. NOTE 
THE SEATS PROVIDED FOR THE TRIP-RIDER ON EITHER SIDE OF THE LOCOMOTIVE. 
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try is compelled to give very serious con- 
sideration to reduction of haulage accidents. 

In safety work in the mines, it is very 
easy to get a warped perspective on the 
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obtain first a clear view of the values in- 
volved. When a fair analysis is made, 
haulage accidents obviously demand serious 
attention in our safety program. 


Fic 8—THE CAB END, COVERS REMOVED FROM TOP OF LOCOMOTIVE, NOTE CUT-AWAY SECTIONS 
ON EITHER SIDE FOR EASY ACCESS TO THE CAB. CONVENIENT GRAB IRONS ARE PROVIDED AND CAB 
IS LARGE ENOUGH TO SEAT TWO MEN COMFORTABLY. 


relative values of contributing causes of 
mine accidents and injuries. For example, 
much national publicity is given to major 
mine disasters which at times create a 
furore in our Federal government from the 
executive branch down and start a flood of 
adverse criticism of the mining industry, 
resulting in endJess revision of safety regu- 
lations and practices at a cost to the mining 
industry of millions of dollars annually. 
Yet haulage accidents result in approxi- 
mately twice as many fatalities as major 
disasters, plus a great number of non-fatal 
injuries, and are given only comparatively 
meager, haphazard attention. To accom- 
plish results in our safety efforts, we must 


It is my opinion fhat in haulage accidents 
as in all other types of accidents, proper 
safety training of all employees will do more 
than anything else to reduce accidents. A 
preponderant majority of injuries is the 
result of repeated risks taken by the work- 
man, and the inexorable law of averages 
takes its toll. A survey of general industrial 
accidents made by a large insurance com- 
pany showed that for every major injury, 
that is, fatality, fracture, dismemberment, 
or other serious injury, there are 29 minor 
injuries and 300 accidents without injury, 
all from the same cause. These 300 acci- 
dents without injury, give us a most fertile 
field for constructive work in accident 
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prevention. To anyone who has observed 
underground haulage with even casual 
attention, it must be evident that in the 
average mine there are many acts of the 
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and injuries in a ratio similar to the 
1:29:300 mentioned above. 
It is not within the scope of this paper to 


present or outline safety programs, but to — 


haulage personnel which make accidents 
and injuries quite probable. To mention a 
few: Unnecessary pushing of cars, back- 
poling, coupling and uncoupling moving 
cars, coupling on tight side, riding between 
cars, getting on or off moving trips, 
flying switches, improper blocking, ob- 
structed clearance, lack of trip lights or 
markers, and poor condition of track, cars 
and locomotives. é 

The list of haulage accident possibilities 
is quite long even for the best of mines and 
in spite of voluminous rule books. It is my 
belief that if any marked improvement is 
to be made in our haulage record, methods 
must be developed to stop unnecessary 
risks which exact a price for accidents 


Fic g—Brrp’s EYE VIEW WITH COVERS REMOVED SHOWING GENERAL ARRANGEMENT OF UNITS 
CABLE REEL IS BELOW THE TOP OF SIDEFRAME. NOTE LARGE CAB COMPARTMENT. 


reduce haulage accidents in any worth- 
while degree, a first essential is that there 
be a working safety program that en- 
genders safety-conscious work habits in 
each workman. Such a program must of 
necessity start with a whole-hearted policy 
on the part of top management to keep 
safety ever foremost in the minds of all 


employees. The foreman should be a key . 


figure in this program. He is the man in 
close everyday contact with the worker. 
He should represent management to the 
worker, and, if he is competent in his super- 
visory work, should be able to get effective 
safety cooperation from his men. A com- 
petent safety engineer is very necessary to 
school the foreman in his safety work. I say 
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engineer rather than inspector because our 
mines are now burdened with overlapping, 
time-consuming inspections which do little 
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work habits. To do this, the foreman must 
be well schooled in the art of conducting 
conference-type meetings, and the burden 


Fic 1o—A 13-TON HAULAGE MOTOR WITH THE SAME TYPE CURVED ENDS. NO TRIP-RIDER’S 
SEAT ON FRONT END AS HE IS SUPPOSED TO RIDE IN CAB WHICH IS OF AMPLE SIZE. FRONT CURVED 
PLATE PROVIDES WELL-VENTILATED COMPARTMENT FOR RESISTOR AND ELECTRICAL PARTS. SPACE 
IS PROVIDED FOR RE-RAILERS IN FRONT END UNDER HINGED LID. 


more than point out problems and diffi- 
culties of which the mine management had 
already been aware. Our mines need con- 
structive engineering assistance to help the 
foreman overcome these recognized prob- 


lems and hazards. The most important 


function of the safety engineer is to help 


- the foreman train his men in safe working 


habits. A quiet word of caution from the 
foreman to a trip rider or snapper getting 
on the locomotive improperly or coupling 
moving cars usually will produce more 
effective and lasting results. Safety meet- 
ings conducted by the foreman in which 


-accidents are discussed frankly and hon- 


' estly are of great value in developing safe 


of this schooling rightfully falls on the 
safety engineer. 

Studies of accident records indicate that 
if all known safety features were applied to 
our mining machinery and equipment, 
there would be only a 15 to 20 pct decrease 
in our accidents. In other words, the bulk 
of our accidents are caused by human 
failures or by a lack of safety mindedness 
on the part of our workmen. It follows then 
that any effective safety program must 
strike at this basic difficulty. However, it is 
of paramount importance that the safety 
program be backed by an honest effort to 
make the working conditions and equip- 
ment as safe as possible for ‘what you are 
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thunders so loudly I cannot hear what you 
say.” 

Transportation includes the hoisting of 
coal and material in shafts, conveyor in- 
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track system encourages slipshod con- 
struction methods over the entire system, 
with the consequence that most mines have 
track conditions that are neither safe nor 


Fic 11—CLOSE-UP OF CAB SHOWING LARGE SIZE, EASY ACCESS, AND ADEQUATE GRAB IRONS. A LEVER 
IS PROVIDED IN THE CAB FOR UNCOUPLING EITHER END OF THE LOCOMOTIVE FROM TRIP. 


clines, and rope operated inclines, which, 
although they possess inherent safety 
hazards, account for a minor portion of our 
haulage accidents. Studies show that about 
75 pct of haulage accidents involve the 
victims’ being struck, run over, or squeezed, 
and these accidents occur for the most part 
at the face regions where the bulk of our 
handling of cars and equipment is done. 
This fact emphasizes the importance of the 
foreman’s part in reducing haulage acci- 
dents because of his immediate supervision 
of this work. 

A serious hazard in the average haulage 
system is the condition of the track. The 
, more or less temporary nature of a mine 


economical. It is my opinion that a 4o-lb 
rail is the minimum size which should be 
used in the modern, mechanical mine. All 
secondary haulage roads with any degree of 
permanence should be laid with at least 


60-lb rail. The road bed should be prepared 


with care for proper drainage, elevation and 
ballast. The mining system should be such 
that proper radii are possible on the curves. 
Parallel switch throws should be used on 
all switches. Poor track is not only a dan- 
gerous safety hazard but is also very 
expensive. Studies in track cost prove that 
good track is the most economical. I am 
quite sure this is evident to most practical 
mining men and our poor mine track is the 
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result of nothing short of slovenliness and 
downright laziness. Fortunately, larger 
cars and heavier mining equipment are 
forcing better track, but this phase of our 
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cause to, the disaster. It goes without say- 
ing that- such material also is a serious 
stumbling and clearance hazard. 

Good lighting along the main haulage 
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FIG 12—VERTICAL VIEW OF AN INSIDE-FRAME GATHERING LOCOMOTIVE SHOWING AGAIN THE LARGE 
CAB AND TRIP-RIDER’S SEAT PROVIDED ON EITHER SIDE OF FRONT END. 


haulage system should be given much more 
consideration. 

It is not too unusual to see mines in which 
frequent roof falls along the haulage road 
stop traffic.and create a serious safety 
hazard. In timbering high speed haulage 
roads, it is necessary that the roof support 
be protected properly from dislodgement 
by derailments. This can be accomplished 
by “‘hitch drilling” and supporting beams 
on pins, or by recessing the supporting 
_ posts. I feel that the use of concrete by the 
_“gunite” process never has been utilized to 

the full extent of its possibilities in sealing 
and supporting the roof and ribs of haulage 
ways. My personal experience with gunit- 
ing indicates that it offers definite benefits, 
both in quality of the job and in economy. 
- Usually, with poor roof support, we also 
find much debris along the track and piled 
in refuge holes and other openings. Since 
there often is much combustible material 
such as coal and timber in this debris, a 
dangerous fire hazard is created. The his- 
tory of major mine disasters contains far 
too many incidents in which this debris has 
_ been the cause of, or at least a contributing 


road is another necessity. Most mine light- 
ing is haphazard and much of it is so in- 
stalled that the hazards resulting from the 
poor installation are greater than the 
benefits derived from the light. For main 
haulage, it is my belief that the most satis- 
factory arrangement is a lighting circuit 
entirely separate from the trolley line. It 
preferably should be a: 11o-v ac circuit 
supplied from lighting transformers. Such 
an arrangement provides much more effi- 
cient light in that the voltage can be 
maintained, it can be protected adequately 
against faults, the bulb cost is lower, and 
the lights remain when the dc power is: 
interrupted. 

On single track lines, it is imperative that 
a good system of block signals be installed. 
The difficulties with most signal systems in 
mines are not in the systems themselves 
but rather in the failure to enforce the rules 
of the system. The practice of allowing two 
locomotives to travel in one section at the 
same time is extremely dangerous and 
many serious accidents result from this 
safety rule violation. Safe practice permits 
only one locomotive in each block section 
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at a time. Any other arrangement is certain 
to lead eventually to an accident, and quite 
probably a fatal one, for some haulage 
employee. 
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eral as the average haulage system. Take 
for example, mine cars which are an im- 
portant part of the haulage system. A high 
percentage of the mine cars in service today 
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MEN IN LOCATIONS PROVIDED. ALL SEATS WELL PROTECTED AND EASILY 


ACCESSIBLE. A NUMBER OF THESE LOCOMOTIVES HAVE BEEN IN SERVICE FOR PERIODS UP TO 3 YEARS 


WITH AN EXCELLENT SAFETY RECORD, 


We have seen the trolley phone come 
into extensive use recently. This instru- 
ment can be very useful for direction of the 
haulage system. In case of an emergency 
such as a mine fire, it can be a most useful 
tool for safety. Instructions given to any 
locomotive or communication between 
locomotives are heard by all units equipped 
with the phones, thus there is a much better 
informed system with a consequent reduc- 
tion in the possibility of collisions. How- 
ever, the trolley phone only supplements 
the block signals. If only one system is to 
be used, the block-signal is preferable. 

I know of no other phase of mining that 
is operated with as poor equipment in gen- 


are of crude design. In any large group of 
coal miners, we always find quite a display 
of amputated fingers and maimed hands 
which bear gruesome testimony of the link 
and pin coupling. Fortunately, we find this 
crude car equipment making a slow and 
belated retreat, to be replaced by cars of 
improved design, including automatic and 
semi-automatic couplings. Increased car 
capacity also offers a considerable safety 
advantage. Large cars were looked upon 
with serious misgivings, safety-wise, when 
they were first introduced. Predictions were 
that these heavy loads could not be handled 
safely, thus introducing accident hazards 
at the face. However, it has been proven 
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rather definitely that the large car is in 
fact much safer because of the considerable 
reduction in the number of cars to be 
handled for a given tonnage, and the heavy 
loads of necessity are handled with more 
care. | 

One of the worst examples of poor safety 
design is found in the average mine loco- 
motive. The design of most present day 


locomotives differs little in safety features 


from that of thirty or forty years ago. In 


conventional locomotive construction, the 3 


operator and trip-rider are given very little 
consideration. A board bolted to the 
bumper usually forms an uncomfortable 
and precarious seat for the motorman. An 


~ accidental blow on the head or even a 


severe jar caused from derailment may - 


throw him onto the track in front of the 


‘moving trip. This is a fairly common 


occurrence and is considered just another 
accident. The trip-rider, or snapper, fares 
little better in safety protection. If he rides 
on the locomotive, about the best he can 


- hope for is an abbreviated step-plate and 


he is fortunate if a grab-iron is provided. 
Thus with most of his body outside the 
locomotive frame and with an uncertain 
hand hold by which to balance himself, he, 
too, often is subject to injury from squeez- 
ing or falling off the locomotive. The 
Hanna Coal Co. has found it rather simple 
to rebuild the conventional locomotive to 


~ correct these faults and make-a much safer 


machine. The square end bumper is re- 
moved and a semicircular plate of rolled 
steel is attached. This plate usually extends 
to near the height of the locomotive frame. 
It thus provides protection for the operator 


with ample space for himself and his trip- 


5 rider if the latter rides on the locomotive. 


The hazard of falling out is eliminated 
completely and much better protection 
from collision hazards is provided. On the 
front end of the locomotive, the additional 
space provided by this construction makes 


a well-ventilated space for the resistor and 
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other electrical equipment. We are able 
also to provide space for re-railers, thus 
keeping all equipment off the top of the 
machine where it is often an obstruction to 
vision or a clearance hazard. 

With this construction on gathering loco- 
motives, a seat is provided on either side 
of the locomotive for the trip-rider so that 
he may ride safely and comfortably. In 
case of derailment, the conventional 
square-end locomotive has a _ definite 
tendency to turn at right angles to the 
track if it hits a rib post or other obstruc- 
tion alongside the track. This is very dan- 
gerous as the full inertia of the moving 
trip will be expended suddenly on the loco- 
motive causing extensive damage to the 
machine and the possibility of serious 
injury to anyone on the locomotive. With 
the rounded ends, the locomotive will have 
a tendency to be ‘guided parallel to the 
track and may bring the trip to a stop with 
no damage to either equipment or per- 
sonnel. We have been using this construc- 
tion on rebuilt locomotives for about three 
years, during which time we have recorded 
many instances where this arrangement has 
prevented serious or possibly fatal injuries. 

Many other hazards in mine haulage 
have been mentioned in most of our safety- 
rule books and are well known to most of 
us. I have pointed out only a few of the 
most important haulage hazards that I feel 
should have earnest attention in our effort 
to make mining safer. i 

To allow the continuation of our bad 
haulage practices with their heavy toll of 
injuries, without sincere and _ practical 
efforts to improve the record, would be 
serious negligence on the part of mine 
management. Most of the conditions listed 
above are not only safety hazards but con- 
stitute poor practice from an efficiency 
standpoint. A well maintained haulage 
system with good equipment is usually an 
efficient one and it can be said truly that 
safety pays in transportation systems. 


Preliminary American Tests of a Cyclone Coal Washer Developed ~ 
in the Netherlands 


By M. R. Grrer* AND H. F. YaNncey,* Mrempers AIME 


(Philadelphia Meeting, October 1946) 


ALTHOUGH the use of dense suspensions 
for coal cleaning was pioneered in the 
United States with the Chance sand flota- 
tion process, and during the past year a 
pilot plant using a magnetite suspension 
has started operation in this country, the 
more recent developments in this field of 
coal cleaning have occurred principally 
in the Netherlands. During the thirties 
the Dutch developed the Barvoys process, 
in which a medium of barite and clay is 
employed, the Tromp process, which 
utilizes a magnetite suspension, and the 
Loess process, in which is used the air-borne 
earth or soil known as loess.!~* All these 
processes are finding increasing use in 
European coal-cleaning practice. Now a 
fourth process, the cyclone cleaner, is 
under development by the Netherlands 
State Mines. 

A cyclone thickener for reclaiming and 
thickening the dense suspension is a novel 
feature of the Loess process. Through acci- 
dent, the discovery was made that the 
cyclone could be utilized as a cleaning 
device for fine coal. When the cyclone 
thickener at the Maurits mine plugged, the 


This report gives the results of work done 
under a cooperative agreement between the 
U. S. Department of the Interior, Bureau of 
Mines, and the University of Washington. 
Published by permission of the Director, 
Bureau of Mines. Manuscript received at the 
office of the Institute Oct. 25, 1946. Issued as 
TP 2136 in Coat TECHNOLOGY, February 1947. 
_ * Mining Engineer and Supervising Engi- 
neer, respectively, Bureau of Mines, Seattle, 
Washington. 

1 References are at the end of the paper. 


Z overflow was found filled with clean coal 


free of refuse, and from this observation 
developed the concept of the cyclone as a 
coal cleaner. 

In June 1945 the cyclone cleaner was 
observed by one of the authors,* and in — 
September 1945 it was described by Dries- — 
sen® in a paper presented in London before 
the Institute of Fuel. As the cyclone seemed. 
to offer unusual promise as a means of ex- — 
tending heavy-medium cleaning to the 
finer sizes of coal that cannot readily be 
treated in existing heavy-medium processes, 
the Bureau of Mines, following Driessen’s, 
presentation, launched an investigation of 
the cyclone as a coal cleaner. Added im- 
petus was given to this study by the 
present increased interest in heavy-medium ~ 
cleaning in this country. 


OBJECT AND SCOPE OF INVESTIGATION 


Driessen’s report, although comprehen- — 
sive in many respects, did not include a— 
detailed description of the cyclone cleaner, — 
and contained almost no information on — 
the influence of the various operating — 
variables of the cyclone. It was neces- © 
sary, therefore, to investigate the influence — 


of the cyclone adjustments on its per- 


formance before studying the application — 
of the cyclone to various coal-washing 
problems. The present report is confined — 
entirely to these preliminary tests, designed 
to demonstrate the operating character- 
istics of the cyclone. 

The investigation has been in progress — 
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for only a few months, consequently the 
_ preliminary tests have not explored com- 
pletely the entire range of operating 
adjustments. However, it was thought 
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through a 3g-in. pipe. A removable con- 
striction tube in the feed line provides 
means for regulating the feed rate. Simi- 
larly, interchangeable constriction nuts 
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Fic 1—CONSTRUCTION OF CYCLONE. 


_ desirable to publish the results obtained 
thus far because of the present interest in 
_ heavy-medium cleaning. 


EQUIPMENT AND TESTING PROCEDURE 


Fig 1 shows the construction of the 
cyclone. It consists of a conical section 
37 in. high, and 3 in. in maximum diam- 
eter, surmounted by a cylindrical section 

114. in. high, of the same diameter. The 
feed, consisting of coal and suspension, 
enters the cylindrical section tangentially 


are screwed onto the bottom of the cyclone 
to regulate the refuse discharge. The 
washed-coal discharge is controlled by 
inserting orifice plates of suitable size. 

In plant operation a centrifugal pump 
would be used to force the feed through the 
cyclone, but for batch tests in the labora- 
tory a pressure tank is employed. A 2o0-lb 
sample of the feed coal is added to enough 
suspension to give a 6 to 1 pulp ratio in 
the pressure tank, where the mixture is 
kept from separating by a motor-driven 


oh 
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agitator. Compressed air entering the 
tank at the bottom provides the pressure 
required to force the coal and suspension 
through the cyclone. In making a test, 
the tank is closed, the pressure brought 
up to the desired level, and the outlet 
valve opened. Refuse sprays from the 
bottom of the cyclone in a vortex, and 
washed coal also is forced through the orifice 
plate at the top of the cyclone in the form 
of a vortex. The washed coal and refuse 
produced during the first and last few 
seconds of the run are discarded, as they 
do not represent normal cyclone opera- 
tion. The remainder of the washed coal 
and refuse is passed over screens to drain 
off the suspension and then rinsed with 
water. After drying, the products are 
weighed and sampled for float-and-sink 
examination and ash analysis. 

The 3-in. cyclone, although it handles 
up to 800 lb of coal per hr, is smaller 
than desirable for testing purposes. How- 
ever, so little was known about either the 
construction or operating characteristics 
of this device at the start of the investiga- 
tion that it was imperative to use a small 
size, thus permitting a large number of 
tests to be made rapidly. The performance 
of a 3-in. cyclone may not duplicate that 
of a commercial unit, but the small cyclone 
should prove a satisfactory guide in pre- 
dicting the influence of the various operat- 


ing adjustments and should serve to. 


demonstrate in a general way the funda- 
mental characteristics of the separation 
between coal and refuse obtained in this 
device. 


Coals Used 


The coal employed in most of the tests 
was from the Bureau’s Experimental mine 
at Bruceton, Pa., which is in the Pittsburgh 
bed. Most of the tests were made on coal 
sized between 14 and 35 mesh. Coarser 
material could not be treated in a small 


cyclone, and recovery of finer material: 


from the suspension by screening is more 


difficult and time-consuming. A wider 
size range was used only in tests designed — 
to demonstrate the performance of the 


cyclone on the finer sizes of coal. 
As the Bruceton coal contains only 


about 5 pct of heavy impurity, and it 


was not desirable to make all tests on such 
a clean feed, sand of the same particle 
size as the coal was added to the feed for 
four tests. Sand is slightly heavier than 


the carbonaceous shale naturally asso-— 


ciated with this coal, and of course the 
sand grains tend to be rounded rather 
than tabular. However, it is doubtful 
whether the substitution of sand for 
natural refuse material affected measurably 
the results of these tests. 

Three cyclone tests were made on coal 
from the West No. 2 bed, Wilkeson, 
Washington. This coal is unusually difficult 
to wash because it contains both a high 
proportion of intermediate-density mate- 
rial and a large amount of heavy impurity. 


Suspension 


The heavy medium employed in all the. 


tests described in this report was a sus- 
pension of barite (BaSO,) in water, with 
bentonite added to increase stability. 
Both the barite and the bentonite were 
commercial products 
325-mesh. As prepared, a suspension of 
1.40 sp gr contains 36.6 pct barite, 1 pct 
bentonite, and 62.4 pct water. Barite- 
bentonite suspensions have been used satis- 
factorily in the laboratory in the range 


ground to pass — 


—— 


from 1.20 to 1.44 sp gr. They are of © 


acceptable viscosity and reasonably stable. 


The solids in the suspension settle out — 


slowly and do not form a hard cake even 
on standing for long periods. 


Barite was selected for the laboratory — 


work because it happened to be available 
in finely pulverized form and because its 
physical properties made it suitable for 
use in the equipment available. Other 
media may be more suitable for use in a 
commercial plant because of either cost or 


physical characteristics. At the Netherlands 
State Mines, for example, flotation tailing 
from the fine-coal circuit in the plant has 
proved a suitable medium.' Research 


_ on the properties of heavy media suitable 


for use in the specific-gravity range 
employed in coal cleaning would be highly 
desirable, as the literature contains little 
information on this subject. 


M. R. GEER AND H. F. YANCEY 


223 


The “efficiency”’ of the separation between 
coal and impurity also is given. This 
efficiency is the ratio, expressed in per 
cent, of the yield of washed coal to the 
yield of float coal of the same ash content 
shown to be present in the feed by the 
specific-gravity analysis. These methods 
of evaluating washer performance are 
well known. 


TABLE 1—Analyses of Feed, Washed Coal, and Refuse from Cyclone Test No. 12 


Product 


Wrashed.coal weight, 9527 pcet..<.....<siccsssevesae 


SESE af Ted tle 7 lee Ch ote Fa ee a 


Feed, calculated from products.............ee0005 


« 


Cumulative 
precne Weight,|} Ash, 

tavity Pct Pct Werte Veet 

Pet Pet 

Under 1.30 64.7 2.8 64.7 AS 
1.30 to 1.40 30.2 7.5 94.9 4.3 
1.40 to I.50 Sad 18.3 98.3 4.8 
E15 Octo) 1.00 Tod: 25.2 09.7 5.1 
I.60 to 1.70 0.3 31.8 100.0 Bae 
Over ¥.70 0.0 100.0 5.2 
Under 1.30 0.2 252 0.2 an. 
I.30 to 1.40 O52 8.0 0.4 8 yeahit 
I.40 to 1.50 0.2 20.6 0.6 10.3 
I.50 to 1.60 2.8 30.6 3.4 27.0 
1.60 to 1.70 10.5 37.9 13.9 2552 
Over 1.70 86.1 67.8 100.0 6353 
Under 1.30 61.9 2.8 61.9 2.8 
1.30 to 1.40 28.9 7.5 90.8 4.3 
I.40 to 1.50 sts 18.3 94.1 4.8 
I.50 to 1.60 Page Pals 95.6 Sak 
1.60 to 1.70 0.7 35-5 96.3 5.4 
Over 1.70 3.7 67.8 100.0 Elst 


CALCULATED DISTRIBUTION OF SPECIFIC-GRAVITY FRACTIONS 


Percentage Sent to 


Percentage Rejected 


Specific Gravity Washed Coal as Refuse 
Under 1.30 100.0 0.0 
I.30-1.40 100.0 0.0 
I.40-I.50 09.7 0.3 
I.50-1.60 91.8 8.2 
I.60-1.70 39.2 60.8 
Over 1.70 0.0 100.0 


* Moisture-free basis. 


METHOD OF EXPRESSING RESULTS 


The washed coal and refuse from all 


__ the cyclone tests were examined by means 


of float-and-sink and ash analyses. Wher- 
ever possible in this report the results of 
the cyclone tests are presented in con- 
ventional manner—that is, they are 
evaluated by the ash contents of the prod- 


ucts, and the percentage of sink material 


in the washed coal and float material in 
the refuse at an appropriate specific gravity. 


Certain features of cyclone operation 
can be demonstrated best, however, by 
means of distribution curves of the 
type developed in this country by the 
Bureau of Mines® and in the Nether- 
lands by K. F. Tromp.’ The distribu- 
tion curve shows what percentage of 
each specific gravity fraction of the feed 
was sent to the washed coal and what 
was rejected as refuse. As an illustration 
of the distribution-curve method of ex- 
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pressing washing results, Table 1 gives 
specific-gravity analyses of the feed, washed 
coal, and refuse from a cyclone test on 14 to 
35-mesh Bruceton coal, and, in the lower 


100 


specific gravity being defined as the 
specific gravity on which half of the mate- 
rial would float and half would sink. An 
assumption is involved for the material 


PERCENTAGE TO WASHED COAL 
a 
°o 


PERCENTAGE TO REFUSE 


SPECIFIC 
Fic 2— DISTRIBUTION OF FEED BETWEEN WASHED COAL AND REFUSE FOR CYCLONE TEST No. 12. 


part, the calculated distribution of the 
specific-gravity fractions between washed 
coal and refuse. The distribution curve 
itself is plotted in Fig 2. 

The distribution data for each specific- 
gravity fraction are plotted against the 
mean specific gravity of the fraction, mean 


100 


GRAVITY 


lighter than the lowest specific gravity 
and the material heavier than the highest 
specific gravity used in the float-and-sink 
test. For Bruceton coal, it was assumed 
that no coal was lighter than 1.2 5 sp gr 
and no refuse was heavier than 2.60 Sp gr. 
The distribution data for float 1.30 coal 


aa 
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are plotted therefore at 1.27 sp gr and the 
data for sink 1.70 or 1.80 material are 
plotted at 2.20 sp gr. Any error involved 
in making these assumptions for the 
lightest and heaviest material has rela- 
tively little influence on the shape of the 
distribution curve. 

Fig 2 indicates that none of the low- 
gravity coal was lost in the refuse product, 
and none of the impurity heavier than 1.70 
sp gr entered the washed coal. The curve 
crosses the 50 pct weight abscissa at 1.65 
sp gr and this, by definition, is the specific 
gravity of separation. Material of this 


specific gravity was divided equally by. 


the cyclone between washed coal and 
refuse. A distribution curve representing 
perfect separation would show all coal 
lighter than the specific gravity of separa- 
tion going to washed coal and all heavier 
material going to refuse, with the curve 
passing from too pct to o on the ordinate 
representing the specific gravity of separa- 
tion. The degree to which the distribution 
curve approximates this theoretical or 
perfect shape is a measure of the accuracy 
or sharpness of the separation made by 
the washer. 

Driessen,’ who calls the distribution 
curve an “error” curve, terms the area 
between the distribution curve and the 
theoretical curve the “error area.” Ex- 
pressed in square centimeters when the 
curve is plotted to a definite scale, the 
error area serves as a single figure char- 


-_acterizing the sharpness of the separation 


a a ee 


effected between clean coal and refuse. 
The principal objection to the error-area 
method of evaluating washer performance 
is the fact that the inclusion of a few tenths 
of one per cent of impurity in the washed 
coal increases the error area more than 
the loss of several per cent of clean coal 
in the refuse. With most separations the 
inclusion of a fraction of one per cent of 


_ impurity in the washed coal is not serious, 


but the loss of clean coal in the refuse 
product is a matter of much greater 
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concern. Nevertheless, the distribution 


’ curve and error area are useful tools in 


demonstrating certain features of washer 
performance that cannot be shown readily 
by ash analyses or an efficiency value. 


INFLUENCE OF WASHED-COAL AND REFUSE 
OPENINGS ON PERFORMANCE OF CYCLONE 


Table 2 summarizes the results of a series 
of cyclone tests made to illustrate the 
influence of the size of the washed-coal 
orifice on the performance of the cyclone. 
These tests were made on 14 to 35-mesh 
Bruceton coal. The size of the feed and 
refuse openings, the operating pressure, 
and the specific gravity of the medium 
were held constant, while the washed-coal 
orifice was varied from 5/¢ to 34 in. Fig 3 
shows distribution curves for the four 
tests. 


TABLE 2—Summary of Cyclone Tests 
Showing Influence of Size of Washed- 
coal Orifice* 


Test No. 
Data 


Washed-coal orifice, in...| 546 | %e | Me 34 
Capacity, ton per hour. .| 0.26) 0.28} 0.32) 0.41 
pe 1.60 sp gr in feed, 


SO ae MORO OCR TESORO 4.0] 4.5 3.9 3,0 
vitid of refuse, pct...... 28.6 | 4. 2.6 2.1 
Aishiin' feed, Cbs tier. a1 Pod de Fx: uae} 9.0 
Ash in washed coal, peti) Soles 10 5.5 5.6 
Ash in refuse, pct.. Ee Su SOMOnbortes. | 750: 
Specific gravity of separa- 

HOM Shes Salo wane Siete sel 1.60} 1.60] 1.80] 2.00 
Sink 1.60 sp gr in washed 
coal, pet eet ienacuteta. G53"| 0% : ie I 


on 
w 
on a 


3 
"186.8 9.8 oO. 
9 |I00. 


4 Tests made with Bruceton coal, 14 to 35-mesh; 
barite suspension of 1.40 sp gr; feed-tube opening 
14 in., refuse opening 134 in.; 20 psi pressure. 


Test 24, made with a washed-coal 
orifice of 7%, in., represents the best 
operation in the series. The feed con- 
tained 4.5 pct of material heavier than 
1.60 sp gr, and the cyclone rejected 4.6 pct 
of refuse. The washed coal contained 
0.3 pct of material heavier than 1.60 sp 


eth 
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gr, and the refuse contained 9.8 pct of 
float coal. The distribution curve for this 
test shows that only o.1 pct of the coal 
lighter than 1.30 sp gr and o.2 pet of the 
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result the cyclone produced too little © 


refuse in these tests. When the washed- 
coal orifice is too large—or, conversely, 


when the refuse opening is too small—the 
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FIG 3—DIstTRIBUTION OF FEED BETWEEN WASHED COAL AND REFUSE, ILLUSTRATING INFLUENCE 
OF SIZE OF WASHED-COAL ORIFICE. 


coal between 1.30 and 1.40 sp gr was lost 
in the refuse. Of the material heavier 
than 1.80 sp gr, 98.5 pct was rejected as 
refuse and only 1.5 pct entered the washed 
coal. 

In tests 25 and 26, successively larger 
washed-coal orifices were used, and as a 


cyclone makes a separation at a higher — 


specific gravity, and heavier material 
enters the washed coal. For example, in 
test 26 the specific gravity of separation 
was 2.00, and the washed coal contained 
1.6 pct of material heavier than 1.60 sp gr. 
Little coal is lost in the refuse under these 
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conditions and consequently the efficiency 
of the operation is high. 

Test 27 represents the other extreme 
in cyclone operation, for the washed-coal 
orifice was too small. If the washed-coal 
orifice is too small or the refuse opening 
too large, too much material is removed as 

refuse, and there is a loss of the cleanest 
coal present in the feed. The distribution 
curves in Fig 3. illustrate clearly that 
with an undersize washed-coal opening 
it is the cleanest coal rather than the 
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much greater change in size, decreased the 
amount of refuse only from 4.6 to 2.1 pct. 

The data in Table 2 demonstrate that 
the size of the washed-coal opening, in 
addition to affecting the yield of washed 
coal, influences the capacity of the cyclone. 
In increasing the washed-coal orifice from 
546 to 34 in., a ratio of 5.8 to 1 in area, the 
capacity of the cyclone increased from 
0.26 to o.41 ton per hr, an increase of 
58 pet. Other tests have shown that in 
treating a coal containing only a small 


TABLE 3—Summary of Cyclone Tests Showing Influence of Washed-coal and Refuse 


Openings 
Test No. 
Data 
7 10 12 8 It 9 
Wiasited-COal OTIHee, Ista ¢ seth co +l orcalels ajois faatecstels ecto Vs S46 He He 46 346 
REUSE ODEMING, 1. gee eng cote eg ale esicialn Glan ats He Me Ke He yy Se 
Area of refuse opening, percentage of washed-coal orifice | 42.9 60.0 70.0 71.4 80.0 100.0 
Sikcal OOMSpreLum feed, DEbMe.), shict thu Waishe mle seencent es 4.6 4.4 5.4 4.7 4.7 
Briel don reltise spehsern bmi | wseimrtten sails ecctje eet 200 3.6 258 4.4 8.8 23\.3 
PSwinahee em Chia ten tie, mercy nose chats oicle ely i ciie A atu a 7.6 iat 8.1 (hes God. 
BASiivin WwASHEG COaly. DCEE ane ac achsts chonty*) sleds SF sieleicyay oie: Ss Suid: 5.2 Be 4.8 5.7 
Ashiin refuse, pet,...2... HS orb RRO acoNe ate een torae OAS 64.8 | 63.3 | 63.5 | 31.0 14.7 
Specific gravity of separation....... oe hiey) 1.87 1.64 T1105 1.63) 1.65 
Sink 1.60 sp gr in washed coal, pet. 2.0 3 0.3 0.5 0.4 0.6 
Hloat M/OPlspier tn TeELuSe; DCb acta aes - alate vie lal eel enale mo» 0.2 15000) Ae: 53 51.3 81.8 
A CIETICY, ND CEL Gee einer ey sei Gotina ines ohrate wake ther een Desa 99.9 99.9 99.9 95.4 TOs 


2 Tests made on 14 to 35-mesh Bruceton coal; feed-tube opening, 14 in.; barite suspension of 1.44 sp gr; 


operating pressure, 20 psi. 


material of intermediate specific gravity 
that is lost in the refuse product. The 
treatment of intermediate-density mate- 
rial, and hence the specific gravity of 
separation, was almost identical in tests 
24 and 27. In this respect the cyclone differs 
from other types of washers; with con- 
ventional washing units, withdrawing too 
much refuse does not give a distribution 
curve exhibiting the ‘hook’ shown for 
‘test 27 in Fig 3. 

It is noteworthy that a small decrease 
in the size of the washed-coal orifice has 
a much greater effect: than a corresponding 
increase. Decreasing the washed-coal orifice 
from 746 to 54, in. caused the amount of 
refuse to jump from 4.6 to 28.6 pct, while 
increasing the orifice from 34g to 34 in., a 


amount of impurity the size of the refuse 
opening has no measurable influence on 
the capacity of the cyclone. Whether this 
would be true. when a large amount of 
refuse is removed is not known. The 
phenomenal capacity of the cyclone is 
realized when it is borne in mind that 
o.4 ton per hr was obtained with a 
device only 3 in. in diameter. At the 
Netherlands State Mines a pilot-plant 
cyclone 16 in. in diameter treats 15 tons 
per hr. 

Table 3 summarizes the results of a 
series of six cyclone tests made on 14 to 
35-mesh Bruceton coal using a suspension 
of 1.44 sp gr. In these tests the feed opening 
remained constant and the washed-coal 
and refuse openings were varied to give 
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successively larger percentages of refuse. 
Like the data shown in Table 2, these 
tests demonstrate that either an overly 
large washed-coal opening or an under- 
size refuse opening causes the separation 
between coal and impurity to be made 
at a higher specific gravity. Normal 
operation of the cyclone with a suspension 
of 1.44 sp gr gives a separation between 
coal and impurity at about 1.65 sp gr. 
Thus the centrifugal force developed in 
the cyclone adds about o.2 to the specific 
gravity of the medium. This increase in 
specific gravity is the same as that shown 
by the tests in Table 2, where a medium 
of 1.40 sp gr gave a separation at about 
1.60 specific gravity. 


INFLUENCE OF FEED-TUBE OPENING ON 
PERFORMANCE OF CYCLONE 
As the size of the opening through which 


the feed enters the cyclone was thought 


TABLE | 4—Summary of Cyclone Tests 
Showing Influence of Feed-iube Opening* 


Test No. 
22 21 20 
Size of feed tube, ins.....5. 0...) 34 5/6 Vs 
Capacity, ton per hour......... 0.22| 0.25) 0.27 
Sink 1.60 sp gr in feed, pct..... 4.7 Sor Aas 
Wieldvof refuse, pet... ..5.... 0. 3.8 SoR Sea 
ASUPINFebd Dots Aster Ne soy 8.1 Bar| Peo 
Ash in washed coal, pet........ Sie 50 Se7 
Ash in refuse, pet........ ye ra 70.6) 7.5) |\F2.0 
Specific gravity of separation. ..| 1.75] 1.77] 1.77 
Sink 1.60 sp gr in washed coal, 
DOU A apha cers suaehens Cota te Lee ik I.4 LOA tae 
Float 1.60 sp gr in refuse, pct...] 0.5 | 0.3 | 0.5 
EMciency, HCtrs dc csuuuanaee hrk 09.8 |100.0 |99.9 


* Tests made with Bruceton coal, 14 to 35-mesh; 
barite suspension of 1.40 sp gr; washed-coal orifice 
We in., refuse opening 54g in.; operating pressure 
20 psi. 
to be a factor in determining capacity, 
a series of three tests was conducted in 

which the feed opening was varied from 
14 to 345 in. These tests were made on 
14 on 35-mesh Bruceton coal, using a 
suspension of 1.40 sp gr, while all factors 
other than feed-tube opening were held 
constant. The data in Table 4 show that 


only 9 pct increase in capacity, from 0.22 
to 0.27.ton per hr, was obtained when 
the feed-tube opening was increased by 
300 pct in area. Thus the feed opening 
has much less influence than the washed- 
coal orifice in determining the capacity 
of the cyclone. If the washed-coal orifice 
were grossly oversized, the feed opening 
might conceivably control capacity, but 
of course under these conditions little if 
any cleaning action would be obtained. 
As neither capacity nor cleaning per- 
formance was affected appreciably in 
these three tests, the feed opening can be 
considered a factor of little importance in 
cyclone operation. 


INFLUENCE OF OPERATING PRESSURE ON 
PERFORMANCE OF CYCLONE 


Table 5 summarizes the results of three 
tests conducted to determine the influence 
of the amount of air pressure used to force 
the feed through the cyclone. These tests 
were made with 14 to 35-mesh Bruceton 
coal also, using a barite suspension of 
1.40 sp gr, and all factors other than 
operating pressure were held constant. 
Capacity of the cyclone decreased with 
decrease in pressure, the relationship 
between the two being almost a straight- 
line function in the range of 10 to 20 psi 
investigated. As the pressure decreased, 
other variables remaining constant, the 
specific gravity of the separation between 
coal and impurity remained the same, but 


more light coal entered the refuse product 


and consequently the efficiency of the 
separation was impaired. As the results 
obtained at 20 psi were superior to those 
obtained at lower pressures, tests at pres- 
sures higher than the 20 psi would be 
desirable. However, operating at higher 
pressures was not feasible with the equip- 
ment then in use. Tests at higher pressures 
will be made in the future. 

The operating pressure reported is 
measured in the pressure tank rather than 
at the cyclone The actual pressure at the 
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feed opening of the cyclone is not known, 
but probably is considerably less than that 
measured in the tank. 


TABLE 5—Summary of Cyclone Tests 
Showing Influence of Operating Pressure* 


: Test No. 


Data 
24 28 29 

Operating pressure, psi......... 20 15 10 
Capacity, ton DerHou peas mbave 1 0.28} 0.24] 0.19 
Sink 1.60 sp gr in feed, pct..... 4.5 3257/2209 
Wield of cefuse, Dcti. so. s6.e. kek 4.6 Ares: 6. 
vshicin feed, DCb.-s dsie.iisis ste s/a\- 7.6 wie) | 6.4: 
Ash in washed coal! pots. wa. se. 5.0 4.9 Anz 
Ash in refuse, pct.. -159.6 | 58.6 154.0 
Specific gravity of separation. I.60]} 1.60] 1.60 
ia 1.60 sp gr in washed coal, 

1S ID RAI RC ORE er 0.3 Ons a0, t 
Float 1.60 sp gr in refuse, pct...| 9.8 | 12.2 |21.2 
Efficiency, Dct......./...»« ore -|09.9 |r00.0 |99.3 


* Tests made with 14 to 35-mesh Bruceton coal; 
barite suspension of 1.40 SP gr; feed-tube opening 
1% in.; washed-coal orifice 74g in.; refuse opening 
1364 in, 

INFLUENCE OF VARYING AMOUNT OF 
IMPURITY IN FEED ON CYCLONE 


OPERATION 


The feed to any coal washer varies con- 
siderably in quality, hence it was desirable 
to determine how well the cyclone could 
cope with variations in the amount of 
impurity in the feed. Mixtures of Bruceton 
coal and sand, 14 to 35-mesh in size, rang- 
ing from 10.0 to 24.6 pct in ash content 
and containing 6.2 to 21.9 pct of impurity 
heavier than 1.60 sp gr, were fed to the 
cyclone without making any compensating 
changes in the size of the washed-coal 
and refuse openings. Results of these 
tests are summarized in Table 6. 

The clean coal produced was of sub- 
stantially uniform quality; with the clean- 


est feed the washed coal contained 4.8 pct 
“ash and o.1 pet of impurity heavier than 


1.60 sp gr, while with the dirtiest feed the 
washed coal contained 4.9 pct ash and 
0.3 pct of impurity heavier than 1.60 sp gr. 
The amount of coal lost in the refuse 
product was greater with the cleaner feeds, 
but even with the cleanest feed the 15.6 pct 
of coal lost in the refuse is not excessive. 
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The degree to which the cyclone adjusts 
itself to changes in quality of feed is seen 
best in Table 6, by comparing the amount 
of impurity present with the corresponding 
amount of refuse removed and with the 
amount of impurity in the refuse expressed 
as a percentage of the feed. The amount 
of refuse removed varies directly with the 
amount of impurity present, the ratio 


TABLE 6—Summary of Cyclone Tests 
Showing Influence of Variations in 
Amount of Impurity in Feed* 


Test No. 
Data 
33 |/-32° | 34, | 735 

Sink 1.60 sp gr in feed, pct..... 6.2) to. 3/13. 1/20.0 
Wieldvofcrefse Deb. nen tcl 7.2/I1.0/13.7/22.3 
Sink 1.60 sp gr in refuse, pct of 

LECT cro iatida, Poetic sraisereera 6.1/10.0|/13.0]/21.7 
Sink 1.60 sp gr in washed coal 

POWs aia lareee tone scons te ayia cia beh Ps ‘OniL| | 50)..2) 07.2] Ons: 
Float 1.60 sp gr in refuse, pct. .|15.6] 9.0] 5.5] 2.8 
Asbuin feed Dat. scene Cok wees .0/13.3/16. 2/24.6 
Ash in washed coal, pct. 4 .8} 4.8] 4.9] 4.9 
Ash in refuse, pct.... oi .5/81.1/87.5]92.9 
BACIENcYy; DEbsee viele eta ele cals 2 -9/99.7/99.3/99.2 


¢ Tests made on mixtures of Bruceton and sand, 
14 to 35-mesh size; barite suspension of 1.40 sP 87} 
feed-tube opening Ke in.; washed-coal orifice 3g in.; 
refuse opening 3¢ in. ; operating pressure 20 psi. 


between the amount of impurity in the 
refuse and that in the feed remaining 
substantially constant; in test 33 the 
refuse contained 98 pct of the heavy 
impurity in the feed, and in test 35 it 
contained 99 pct. 

Considering how critical the size of the 
washed-coal and refuse openings are, as 
demonstrated by the data in Tables 2 
and 3, the ability of the cyclone to cope 
with radical changes in quality of feed is 
quite surprising. 


TEST ON 14 TO 100-MESH BRUCETON COAL 


One of the principal limitations of 
heavy-medum processes is their inability 
to deal with fine material. Although some 
information in the literature indicates 
the use of heavy-medium separation on 
material as fine as 1o mesh, the lower 
limit of size treated in plants now operating 
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is much larger. In order to investigate the 
ability of the cyclone cleaner to deal with 
material finer than the 14 to 35-mesh coal 
cleaned in the tests previously described, a 
test was made on a wider range of sizes. 
Coal 14-mesh to o was fed to the cyclone. 
The washed coal and refuse were recovered 
on a 100-mesh screen; recovery of the finer 
coal from the suspension was not feasible, 
although it could have been done by flota- 
tion. Table 7 summarizes the washing 
results by individual size fractions, and 


material coarser than about 48-mesh was 
handled with satisfactory efficiency. Below 
that size the sharpness of the separation 
dropped rapidly. 

An interesting feature of this test is the 
fact that the separation obtained on the 
14- to 35-mesh fraction of the 14- to 100- 
mesh feed was almost identical with that 
obtained in test 24, which was made with 


‘the same cyclone adjustments but with a 


feed sized 14- to 35-mesh. In other words, 
the presence of material finer than 35-mesh 


TABLE 7—Summary of Results Obtained in Cyclone Test No. 36 on 14 to 100-mesh 
Bruceton Coal 


Screen Size, Mesh 
Data 
14-35 35-48 48-65 65-100 —100 14-100 

Screen analysis of feed, pet.c...55 22. dees se 66.3 10,2 7.5 4.9 Tiler 88.9 
Sink 1.60 sp gr in feed, pct.. "4.6 4.6 4.6 RAS AST 
Wield ofvetuse [peta ae eee ee 4.9 5.0 6.5 9.0 5.3: 
Specific gravity of separation................ 1.60 %<67 1.68 1.88 
Sink 1.60 sp gr in washed coal, pct........... 0.2 0.9 os 2.4 0.5 
Float.1.60 sp grin refuse, pct... .. Seen. ss 9.6 Z5% 47.2 62.1 20.8 
AB ISIcl Foedip Gt te No ois <1 icr otal edetiee resi ieren eee Ar 6.8 6.8 7.4 6.5 ae, 
Ash in washed Coal, mete Soret tent eae eee 4.8 4.6 4.8 5.6 4.9 
EAB UAT TOLUSe VOCE ki sG he aie Ae Ee eaten etueeeste ese 57.8 48.0 35.0 26.2 51.0 
Latiaolah(cfotenidyn oe) epee cae EROE RS Mean ee nea 09.7 98.8 96.8 93.6 99.0 


2 Test made on 14-mesh to o Bruceton coal; barite suspension of 1.40 sp gr; feed-tube opening V{¢ i 
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washed-coal orifice 74 in.; refuse opening 1349 in.; operating pressure 20 psi. 


Fig 4 shows distribution curves for the 
various sizes. 

The finer sizes of coal were separated 
at higher specific gravities than the 14 to 
35-mesh material; the 65 to 1oo-mesh 
fraction was separated at 1.88 sp gr in 
comparison with the separation at 1.60 
sp gr obtained in the 14 to 35-mesh size. 
The amount of heavy impurity remaining 
in the washed coal increased with decreas- 
ing particle size, ranging from 0.2 pct in 
the 14 to 35-mesh size to 2.4 pct in the 
65 to 1oo-mesh material. Similarly, the 
amount of coal lost in the refuse product 
increased with decreasing particle size, 
ranging from 9.6 pct in the 14 to 35-mesh 
size to 62.1 pct in the 65 to roo-mesh 
fraction. Thus the efficiency of the separa- 
tion between coal and impurity decreased 
with decrease in particle size. Only the 


did not alter the operation of the cyclone 
on the coarser sizes. 

The fact that any cleaning device 
operating on an unsized feed is less effi- 
cient in treating the finer sizes is well 
known, and yet, except for pneumatic 
cleaners,®:? the literature contains almost 
no quantitative data on the degree to which 
efficiency is impaired in the fine sizes. 
Fig 5 is of interest therefore because it 
compares the relationship between effi- 
ciency and particle size obtained with the 
cyclone cleaner with that representing the 
operation of a coal-washing table. Data 
for the coal-washing table were obtained 
from a test on Colorado coal, partial 
results of which were reported by Bird and 
Yancey.!° As this table test was excep- 
tionally efficient, it provides a critical 
comparison for the cyclone cleaner. How- 
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ever, Fig 5 should not be construed as a 
comparison of the over-all operation of the 
cyclone and table, for the two coals in- 
volved have different washability char- 


100 


60 


50 


40 


PERCENTAGE TO WASHED COAL 


20 


14-TO 35-MESH \ 
10 


WV 
SPECIFIC 


has Vee 
Beenie 
o NEE 


Raa 
Pt tT TT Neste tcomesn 
Mears ms eile NEA 
PES ESESIC) VBS 
PACE LE AG aa a 
Cau ke te EGE Ne bi a a 
Pt tT LA | Neco eeemegn 
as ES eS ress 


NE ee bs 
misiaaial\ (2 z 


1.8 2.0 


231 


The inability of the cyclone to clean 
the finer sizes with the same high efficiency 
exhibited on material coarser than 35- 
mesh probably is related to the viscosity 
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Fic 4— DISTRIBUTION OF FEED BETWEEN WASHED COAL AND REFUSE, ILLUSTRATING INFLUENCE 
OF PARTICLE SIZE. 


acteristics. What is intended is merely to 
show that the relationship between particle 


size and cleaning efficiency obtained with | 


the cyclone is similar to that characterizing 
table operation. With both types of 
cleaners, efficiency drops off sharply in 
the range between 48- and 65-miesh. 


of the medium employed. With a more 
viscous medium the separation obtained 
in the finer sizes probably would be even 
poorer than that shown in this test, while 
a medium of less viscosity than the barite- 
bentonite suspension employed might give 
somewhat more favorable results on fine 
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material. However, even though the 
cyclone is unable to make a “‘float-and- 
sink” separation on fine coal down to zero 
size, it does extend greatly the range of 


i * ee 


wash than Bruceton, a series of tests was 
made with 14 to 35-mesh coal from the 
west dip of the No. 2 bed, Wilkeson, 
Washington. This coal is unusually difficult 


sizes amenable to treatment by existing 
heavy-medium processes. 

Treatment of all sizes down to zero is 
of course, a desirable operating char- 
acteristic for a heavy-medium process. 
However, treatment of the extreme fines 
_ necessarily involves recovery of the fine 
material to prevent contamination of the 
medium. Unless a magnetic medium is 
employed, flotation provides the only 
means of separating the fine sizes of coal 
from the suspension. The difficulties 
involved in the separation of fine coal 
from cleaning media may well outweigh 
the advantages in cleaning performance 
that might be obtained in treating the 
extreme fines by heavy-medium separation. 
However, this aspect of the problem is 
beyond the scope of the present report. 


TESTS WITH WILKESON COAL 


In order to investigate the performance 
of the cyclone on a coal more difficult to 
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Fic 5—RELATIONSHIP BETWEEN EFFICIENCY AND PARTICLE SIZE FOR CYCLONE AND COAL-WASHING 
TABLE. 


100 150200 


to wash, for it contains about 35 pct of 
impurity heavier than 1.60 sp gr and only 
about 50 pct of clean coal lighter than 


TABLE 8—Summary of Results of Cyclone 
Tests with Wilkeson Coal* 


Test No. 
Data 

39 41 
Washed-coal orifice, in.......... Vs 
Refuse opening, in.............. 1349 
Yield of washed coal, pct........ 39.9 60.1 
ABD. in £600, pot... hnkietctiee 31.0 30.2 
Ash in washed coal, petcss. <2. 8.4 TIS: 


Ash in refusetipcters, cs cette oss 
Specific gravity of separation. 
Efficiency) Peteusc sy ncnseeae sien 


.2 158.6 
I.37| 1.44] 1.50 
92.4 192.5 196.6 


Tests made on 14 to 35-mesh Wilkeson coal; 
barite suspension, 1.30 sp gr; feed-tube opening 
6 in.; operating pressure, 20 psi. 


-1.40. Table 8 and Fig 6 show the results 


of these tests, all of which were made with 
a suspension of 1.30 sp gr, the washed 
coal and refuse openings being varied to 
secure different yields of washed coal. 
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The 0.2 difference between the specific 
gravity of the suspension and the specific 
gravity of separation obtained in. previous 
tests with Bruceton coal was, obtained with 
Wilkeson coal only in test No. 41. Tests 
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coal. This difference in the performance of 
the cyclone with these two coals probably 
is related to the much higher proportion 
of intermediate-density material in the 
Wilkeson coal. 
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Fic 6—DIsTRIBUTION OF FEED BETWEEN WASHED COAL AND REFUSE, FOR TESTS MADE WITH 
WILKESON COAL. 


39 and 42, in which more refuse was 
removed, showed separations at 1.37 and 


1.44, respectively. Thus, with the Wilkeson - 


coal, withdrawing too much refuse de- 
creased the specific gravity of separation, 
an effect not observed with the Bruceton 


at 


The cyclone produced washed coal 
ranging from 8.4 to 11.5 pct ash from feed 
averaging 30.7 pct, at yields of 40 to 60 pct. 
The efficiency of the separation ranged 
from 92.4 pct with the cleanest washed 
coal to 96.6 pct with the washed coal of 


234 AMERICAN TESTS OF A CYCLONE COAL WASHER DEVELOPED IN NETHERLANDS 


11.§ pct ash. These efficiencies are much 
lower than those obtained with Bruceton 
coal, and, like the distribution curves in 
Fig 6, they demonstrate that the cyclone 
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with a cleaning process of known char- — 


acteristics. Consequently, a comparative 
test was made on 14 to 35-mesh Wilkeson 
coal, using a laboratory-size Wilfley table. 
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Fic 7— YIELD-ASH CURVES REPRESENTING CYCLONE AND TABLE OPERATION. 


was unable to make as sharp a separation 
between coal and impurity with the 
Wilkeson coal as with the more amenable 
Bruceton coal. This was expected, of 
course, because a coal containing so much 
heavy impurity and so much intermediate- 
density material cannot be cleaned by 
any method with the high efficiency ob- 
tainable in treating coals that are easier 
to wash. 

The efficiency obtained with the cyclone 
in treating such a dirty feed is difficult 
to interpret except in terms of comparison 


Zonal samples were taken from the dis- 
charge of the table, so that washed coal 
of various ash contents could be obtained. 
Fig 7 compares the performance of the 
cyclone with that of the table by means of 
the familiar yield-ash curve; the yields 
of washed coal for the cyclone were ad- 


justed to correspond to a cyclone feed of 


the same ash content as that of the table 
feed. 

At 8.5 pct ash, the cleanest product 
made by the table, the yield was 16.0 pet, 
while the yield obtained with the cyclone 


a 


DISCUSSION 


was 36.7 pct. The cyclone was superior 
to the table at all ash contents of washed 
coal, but the margin of superiority was 
greatest at the lower ash contents. At 
high ash contents the performance of 
cyclone and table probably would be sub- 
stantially the same. This comparison thus 
illustrates that the natural field of applica- 
tion for the cyclone cleaner is on difficult 
materials where its inherently sharp 
separation between coal and impurity 
is of greatest importance. With coals that 
are easy to clean almost any cleaning 
process will give a product of the required 
ash content at high efficiency, but with 
coals that are more difficult to clean, in 
the re-treatment of middling material, 
or in making separations at low specific 
gravity on any coal, only a cleaning process 
of inherently high efficiency is suitable. 


SUMMARY 


This report describes an investigation 
made by the Bureau of Mines of a new 
heavy-medium coal-cleaning device under 
development in the Netherlands. Pre- 
liminary tests of a laboratory-size unit— 
known as the cyclone coal washer—have 
demonstrated its high capacity and its 
ability to make a sharp, efficient separa- 
tion between coal and impurity at particle 
sizes down to about 48-mesh. Thus, the 
cyclone offers promise of extending sub- 
stantially the size range now treated by 


heavy-media processes. The principal fac- 


tors affecting operation of the cyclone 
are the specific gravity of the medium 
employed and the size of the openings 
through which the clean coal and refuse 


_ are discharged. 
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DISCUSSION 


M. G. Drirssren*—Before making any 
comments on this excellent and systematic 
piece of work, I wish to express my admiration 
for the method both authors have adopted 
to investigate the characteristics of the cyclone 
washer and for the short lapse of time they 
required to obtain complete data on a hitherto 
unknown coal cleaner. The general arrange- 
ment of this type of washer requires a differ- 
ent method of operation, a pressure vessel, 
and changing of characteristic items in the 
cyclone necessary to obtain comparable re- 
sults. Moreover, the time for each test is only 


ww 


un 


* Chief Mining Research Dept., Staatsmijnen 
Limberg, The Netherlands. : 
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a few minutes, or sometimes even less than one 
minute, and this entails a different way of dis- 
cussing the results than with the usual washers. 
All this new experience had to be acquired by 
the authors, and it is almost amazing that 
within a few months they are able to give such 
a comprehensive report about the subject. 

The remarks I am going to make should, 
therefore, not be considered as criticism but 
as a basis of discussion for different viewpoints. 

As a matter of minor importance it would be 
advisable to define in an exact manner expres- 
sions such as “efficiency”? and ‘‘recovery.” 
Geer and Yancey clearly state on p. 223 the 
definition of ‘efficiency’? but in some publica- 
tions the word ‘‘recovery”’ is used. 

On p. 225 the authors object to the use of 
“error area.” The remark is quite to the point, 
especially in cases where the refuse constitutes 
only a small fraction (3 to 4 pct) of the feed. As 
the error curve is based on the part of a specific 
gravity fraction that goes the wrong way, this 
part, expressed in percentage of the specific 
gravity fraction, may be relatively large, where- 
as the fraction itself is small if the total refuse 
is only a few percentages. Therefore, a better 
indication of the error area would be to give 
two figures; for instance 1o to 15. This would 
express the part of the error area as indicating 
the error in the refuse is ro units and the part 
indicating the error in the coal is 15 units. 

Geer and Yancey’s paper does not give any 
error area, and it would be well to have them in 
order to be able to compare the error curves 
among themselves as well as with other publica- 
tions. In this way Geer and Yancey’s data 
could be better evaluated. 

The assumption on p. 224 of the paper that 
no coal lighter than 1.25 would ‘be present in 
the feed seems to me logical, and this would not 
interfere with a correct plotting of the error 
curve, especially as the lightest specific gravity 
used for analyzing the washed coal and refuse 
is very close to 1.25. The other assumption— 
that no refuse is heavier than 2.6—is also 
approximately true, but plotting the part 
heavier than 1.7 at an intermediate specific 
gravity of 2.2 seems to me somewhat arbitrary 
and would affect considerably the shape, and 
therefore the area, of the error curve. This 
applies for the error curves in Fig 2, 3, 4and 6. 

Although the authors state clearly on p. 230 
that efficiencies of cyclone and coal-washing 


; 


tables cannot be compared because the wash- 
ability of two different coals will always be 
involved, Fig 5 stays longer in one’s memory 
than the reading of a report and must be con- 
sidered to be misleading in that efficiencies 
can be compared only if exactly the same feed 
and separation at exactly the same specific 
gravity are implied. 

As an example of how the efficiency changes 
with specific gravity of separation, the follow- 
ing table, calculated for coal from the Saxton 
mine, Indiana, may be of interest: 


Speciric GRAVITY EFFICIENCY 
OF SEPARATION (OR RECOVERY), PcT 
1.26 42.5 
re27 56.5 
1.30 89.0 
¥35 99.0 
1.40. 99.7 


The calculation of the efficiencies is based on 
the same error curve for heavy-medium separa- 
tion at all of the specific gravities mentioned 
above; so, instead of plotting the efficiencies, 
it would be advisable to plot the error areas 
of the different size fractions as functions of 
the screen sizes. 

In comparing the results of the “difficult” 
Wilkeson coal with the ‘“‘easy”’ Bruceton coal, 
the authors state on p. 234 that the efficiencies 
of separation of the first are “‘much lower than 
those obtained with Bruceton coal, and like the 
distribution curves shown in Fig 6, they 
demonstrate that the cyclone was unable to make 
as sharp a separation between coal and impurity 
with the Wilkeson coal as with the more 
amenable Bruceton coal.” 

Here again efficiencies are compared where 
this is not allowable, as the Wilkeson coal was 
separated at low specific gravities (1.37, 1.44 
and 1.50) whereas most of the Bruceton coal 
(as is shown in the paper) was separated at a 


much higher specific gravity and because the 


washability curves differ. Moreover, the dis- 
tribution curves or error curves of Fig 6 
(Wilkeson coal) are not worse than those of 
Fig 3 (Bruceton coal). The error area of test 
No. 42 of Fig 6 is 23 sq cm if the correction for 
the specific gravity larger than 1.6 is taken into 
account (see previous comment) and if the same 
units are assumed, as in the paper No. 5 of the 
references, while the error curve of test No. 24 
of Fig 3 is 28 sq cm. This emphasizes the use of 
the error areas. Whereas the efficiencies may 
change considerably with another feed and 
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another specific gravity of separation, the shape 
of the error curves and the error areas remains 
practically the same as long as the cyclone is 
adjusted properly; and the major variable, of 
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shows that Geer and Yancey’s results show 
the same tendency as the State Mine data. 
It seems that a washing effect: is present down 
to o.t mm (140-mesh) although the separation 
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Fic 8—CHARACTERISTICS OF CYCLONE WASHERS FOR COAL BELOW ONE MILLIMETER (16-MESH). 


course, is the particle size as shown in Geer 
and Yancey’s paper and in Ref. 5. 

Although I have made some remarks of 
minor importance referring to the methods of 
comparing the results of the cyclone washer, 
Geer and Yancey’s tests agree qualitatively 
with the results of the Dutch State Mines, and 
a valuable contribution has been delivered in 
respect to the factors that control the operating 
characteristics of the cyclone washer. The very 
important question, ““How far down in size 
can coal be washed satisfactorily in a cyclone 
washer?” is illustrated in Fig 8, which also 


is no more exact (error area, 200 sq cm), and 
the specific gravity of separation may increase: 
to 2.0. However, very often the ash content is 
not affected too much by a high separation of 
the finer fractions, a fact that is clearly illus- 
trated by the report of Fraser and Crentz on 
low-gravity separation of American coals. 


W. J. Parron*—The development of the 
cyclone washer described is of considerable 
interest since it affords another system for 


* Production Planning Engineer, Lehigh 
Navigation Coal Co., Lansford, Pennsylvania. 


handling the fine sizes that generally present 
the most difficulty in coal cleaning. With the 
increasing interest and development of heavy- 
media cleaning systems in this country, the 
cyclone should be a welcome tool to supplement 
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could be used for the medium of both systems. 
In this way, the main disadvantages of the 
cyclone washer could be eliminated. 

Test data indicate that the cyclone washer 
is capable of cleaning particles efficiently to a 
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Fic 9—Tersts py CoLoRADO FurEL anp Iron CopPoration ON PLACE OF CHANGE IN BEHAVIOR 
OF SMALL PARTICLES. 
Tyler Standard Screen scale. Plotted points are for average values based on a minimum of 


ten trials. 


the cleaning equipment for the larger sizes, 
since it extends greatly the range of sizes 
amenable to treatment by existing heavy- 
media processes. In fact, the installation of a 
cyclone washer for fine sizes would offer the 
most advantage at a plant where a heavy- 
medium process is employed, so that the same 
preparation, reclamation and cleaning facilities 


lower size limit of approximately 48-mesh. If 
the washer is to be used for cleaning to this 
small size, one of the problems will be to re- 
claim the medium from the washed coal and 
the refuse products. Screening on a commercial 
scale is not very successful below 28-mesh. 
Cleaning of the medium to prevent undue 
contamination is also one of the major problems 
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to be considered in the selection of the medium 
for the process. For that reason, it appears that 
magnetite would be the most suitable medium 
as its magnetic property makes possible an 
efficient méans of cleaning. If flotation must be 
employed to clean the suspension, the process 
becomes more complicated and expensive. 
Although the tests described in this paper 
were conducted on minus 14-mesh particles, 
the system should be capable of cleaning raw- 
coal feeds containing much larger top-size 


material. This would be a considerable advan- 


tage, since screening the raw feed into fractions 
for separate treatment would be more efficient 
at a larger size cut. 


W. M. BrertHotr*—The authors are to be 
congratulated on an excellent paper dealing 
with a subject that is of more than academic 
interest; viz., the cleaning of fine coal. The 
possibility of making an effective separation of 
fine coal and refuse in a simple mechanism 
deserves further study. 


One point appears not to have been studied © 


directly in the preliminary tests reported, and 
it may prove rather difficult to analyze; but 
there must be some relationship between the 
acceleration developed in the cyclone and the 
nature of the separation effected. Data given in 
the paper indicate that with higher tonnage 
rates the efficiency and separating gravity both 
increase. Obviously there is no advantage to 
making a perfect separation (?) at a gravity so 
high that no reject is removed, hence we cannot 
assume that the increase in efficiency with 
greater acceleration is entirely a blessing. How- 
ever, if it were possible to determine the G’s 
developed and to correlate this number with 
performance it might simplify the matter of 
translating results obtained in the small cyclone 
to what could be expected in larger (commer- 
cial) units. 


* Colorado Fuel and Iron Corporation, 


Pueblo, Colorado. 
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We are not at all surprised that the cyclone’s 
efficiency drops as the particle size goes below 
35-mesh. Some experiments to determine the 
free-settling velocity of coal in the size range 
from 6 to 150-mesh showed a very sharp change 
in the ‘velocity vs. particle size’ relationship 
at 35-mesh. Our conclusion was that it was 
unlikely that any process except froth flota- 
tion would be able to treat minus 35-mesh coal 
at acceptable tonnage rates and efficiencies, © 
hence the handling of coal in such a way as to 
minimize the production of extremely fine 
sizes is usually desirable. (Fig 9.) 

The problem of recovering the fine coal (and 
refuse) from the suspending medium after the 
separation has been accomplished is, in our 
opinion, crucial. If a nonmagnetic medium is 
used and froth flotation must be employed to 
effect the recovery of fine coal, are we not, in 
reality, doing the same thing twice? Would it 
not be just as easy to make the separation in 
the flotation machine? Our experience indi- 
cates that it is not difficult to float fine coal; 
but it is difficult to handle the froth. A satis- 
factory solution to the problems of breaking 
down and dewatering the froth is needed. The 
recovery of fine coal from a magnetic medium 
appears (in the literature, at least) to be rel- 
atively simple—at least one does not have to 
work with the flotation froth—and we would 
guess that the cyclone has more chance of 
succeeding if used with a magnetic suspending 
medium. 

Ordinarily we consider coal a low-grade ore 
and try to keep our milling practice as simple 
and cheap as possible; but there are probably 
a number of places where such an apparatus 
as the cyclone, together with the required 
auxiliary machinery, can be used to advantage. 
If the cost of coal continues to increase, the 
necessity for more elaborate treatment will also, 
increase. Studies such as this certainly are not 
a waste of time and effort, even though con- 
ducted on small-scale models. 


The Use of Hydraulic Cyclones as Thickeners and Washers in 
Modern Coal Preparation 


By M. G. DrressEN* 
(Philadelphia Meeting, October 1946) 


For a number of years the cyclone, 
familiar to Americans as a dust collector, 
has been used as a thickener of suspensions 
at one of the coal-preparation plants of 
the Netherland State Mines in Limburg. 
The plant treats nut-size coal at 120 tons 
an hour in a heavy-medium washer. 
The diluted medium from the rinsing 
screens is thickened in cyclones. More 
recently the cyclone has been adapted to 
act as a coal cleaner. 

The principle of the cyclone thickener 
is the same as that of the cyclones used 
in industry for catching dust or fine 
particles suspended in the air or in gases. 
Generally the latter are more efficient 
in this respect—the smallest particles 
that can be caught with reasonable 
efficiency are considerably smaller than 
with the cyclone thickeners. The reason 
ls obvious; the ratio of specific gravities 
between the dust particles in a gas and 
the gas itself is about 800 times larger 
than the ratio between, for instance, the 
specific gravities of shale particles and 
water. The ratio of the velocities of fall 
of shale particles (y = 2.5) in air and in 
water is as follows: 


In the range of Stokes: Weir = 
93 Wwater 
Weir = 
, 49Wwater 
In the range of Newton-Rittinger: war = 


7 6. OWwater 


In the range of Allen: 


Manuscript received by the Institute Nov. 
19, 1946; revision received April 4, 1947. Issued 
as TP 2135 in Coat TECHNOLOGY, August 1947. 

* Chief of Mining Research Department, 
Netherland State Mines in Limburg, The 
Netherlands. 


} In this paper y represents specific gravity. 
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The same ratios apply for the velocities 
in the centrifugal field, from which it 
follows that it is especially difficult to 
catch the very fine suspension particles 
in a liquid. The efficiency of a cyclone 
thickener depends mainly on the circum- 
ferential velocity of the liquid at its 
innermost radius, because here the cen- 
trifugal forces are the highest. However, 
these velocities cannot easily be calculated, 
as the flow is three-dimensional, and thus 
the axial components cannot be neglected 


‘(p. 252, condition 3). We believe that at 


first a spiral tangential motion along the 
cyclone wall is created, which causes 
the inner vortex ascending from the 
apex of the cyclone (Fig 1). At the same 
time the inner vortex is strengthened 
by the individual vortices in horizontal 
planes, and thus a part of the total flow 


can find another and perhaps quicker ~ 


way to the outlet. In any case, the exact 
motion, not only of the fluid but especially 
of the suspended particles, is so difficult 
that we have to refer to the experiments 
to find the exact behavior of this kind of 
apparatus. 


METHOD OF JUDGING PERFORMANCE OF 
CoaL WASHER 


Geologists, rather than mechanical en- 
gineers, would be able to describe the 
separating or stratifying effect in nature, 
but even a bather on the shore lying on 
the soft sand near the sea wonders why 
all the small sand grains have approxi- 
mately the same size. A child playing 
on the border of the river could easily 
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collect a hundred pebbles of practically 
the same diameter. When a mine shaft 
is sunk the overburden is often divided 
into horizontal strata of sands of different 
colors and particle sizes. In our country 
(The Netherlands, Limburg) and in China 
thick layers of so-called loess cover the 
earth; its main characteristic is that the 
sizes of the particles, although consider- 
ably smaller than those of sand, are 
limited within very small boundaries.} 
The theory generally adopted for loess 
is that it is an air-borne material, which 
has been deposited on quiet places. 

In nature, the separating or stratifying 
effect seems to be more influential than 
a mixing effect, and this can be understood 
as soon as a similar law is applied to 
particles of different physical properties. 
Thus, for instance, if silica particles of 
different sizes are swept away by an 
upward air current, the coarser sizes 
will drop immediately whereas the smaller 
sizes can be carried a considerable distance, 
with the wind, in accordance with Stokes’ 
law (Eq 20). 

In Bureau of Mines Bulletin 300, pages 
76 and 119, use has been made of the 
“Hancock efficiency charts,” in which the 
recoveries or efficiencies of the product 
(coal) are plotted as abscissas and 
the different specific-gravity fractions of 
the raw coal as ordinates. In order to 
compare the separation results of different 
tests, we prefer to plot the recoveries in 
function of the value by which the respec- 
tive physical property can be measured. 
Thus the abscissas in the case of a specific- 
gravity separator (wash box) are the 
specific gravities themselves; not the 
specific-gravity fractions as percentages 
of the feed. By way of comparison, Fig 2, 
with the tables, shows at the right and 
left the recoveries for two different coals 
plotted in a similar way, as on the Hancock 


efficiency charts but turned 90°, whereas _ 


1 References are at the end of the paper. 
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the middle figure shows the recoveries 
plotted in the new way. The latter curve is 
called the relative-error curve, or Tromp 
curve if the upper part, starting from 


Fic 1—OUTER AND INNER VORTEX IN CYCLONE. 


50 pct recovery, is inverted 180°, and 
the area underlying these two sections of 
the error curve is called the error area. 
The error area measures the faults com- 
pared with ideal washing, when the 
separation can be illustrated by a vertical 
line, indicating at the left 100 pct recovery 
of the fractions lighter than the specific 
gravity of separation and at the right 
o pct recovery for the fractions heavier 
than the specific gravity of separation. 


EFFICIENCY OR RECOVERY CURVES OF 
: CYCLONES 


A cyclone used in washery practice 
can be looked at from different view- 
points. The particle size of the suspension 
or the specific gravity of the particle 
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introduced into the cyclone, or both, may 
be the physical property for which a 
separation is required. In the first case 
we have a cyclone thickener, where a 


suspension in water or other liquid is 


——— Dense medium 

—— finsing water (Wash water) 
a Clarified water 

-—-— Char water (Make-up water) 
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way: Superposed on the thickening effect 
of the suspension particles is the washing 
effect of the coal and shale particles, 
which are introduced together with the 
suspension. 
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Fic 3—FLOWSHEET WITH CYCLONES IN HEAVY-MEDIUM WASHERY, NETHERLAND STATE MINE 
Maurits. 
Slime tailings 120 tons per hour, coal 8 to 90 mm. 


I. Belt conveyor. 
23. 


Vibrating screens to remove undersize. 


4. Heavy-medium wash box. 
s, 9, 9@. Rinsing screens for coal, shale and middlings. 
: Three-size classifying screen. 


Ge Upward-current box. 
8. Elevator for shale. 
10. Frother. 
ie Vibrating screen to remove coarse particles. 
£2) Pump tank. 
13. Main cyclone thickeners. 
4. Rinsing-water tank. 
I5. Auxiliary cyclone thickeners for effluent. 


introduced into the cyclone, and where a 
separation takes place between the coarser 
and the finer suspension particles. In 
the cyclone washer we are interested in 
the separation of particles according to 
their specific gravity, but as we introduce 
these particles together with a suspension, 
a separation of the suspension particles 


according to size takes place at the same 


time. It may be described also in this 


EXAMPLE OF CYCLONE THICKENERS 


Fig 3 shows a flowsheet of a suspension 
washery working at the rate of 120-ton 
per hour on slime tailings from the froth- 
flotation plant at the Netherland State 
mine, Maurits, in which a cyclone thick-_ 
ener is used. Raw 8 to 90-mm coal (546 to 
314 in.) is fed to the plant by a belt 
conveyor 1 and screened to remove the 
undersize by vibrating screens 2 and 3. 
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From there the coal is passed to heavy- 
medium wash box 4, provided with a 
scraper to remove the clean coal to the 
rinsing screen 5 and the shale plus mid- 
dlings to a vibrating screen 6. From the 
latter the screened sizes are fed to an 
upward-current box 7, consisting of three 
compartments in which the final shale 
is separated from the middlings and 
allowed to sink to elevator 8, from which 
it is forwarded to rinsing screen 9. The 
middlings overflow with the upward 
current to the middlings screen ga. 


Circulation and Recovery of Rinsing Water 
and Suspension 


The rinsing water, enriched with the 
heavy suspension from the coal, middlings 
and shale, flows to a vibrating screen 11, 
where the coarser coal and shale particles 
are screened. From there the water flows 
to the frother 10, where the fine coal 
particles are eliminated. The regenerated 
tailing water flows to the pump tank 12. 
From there the suspension is pumped to the 
cyclone thickeners 13, and is thickened 
to the required specific gravity of the 
wash box. The clarified water of the 
cyclones 13 flows to the rinsing-water 
tank 14, from which it is distributed to 
the screens 5, 9 and oa. Part of the rinsing 
water flows to a smaller and more efficient 
cyclone 15, the overflow of which is better 
clarified than that of the main cyclones 13, 
so that it may flow to waste as an effluent 
of the system. The thickened material 
of the small cyclone 15 is returned to the 
circulating flow system. Clear water is 
admitted to screens 5, 9, and oa for final 
rinsing of the washed products. 

The behavior of the primary cyclones 13 
has been carefully investigated during 
operation of the plant, and the results are 
compiled in Table 1. Fig 4 shows the 
recovery of the solid particles in the 
thickened suspension as a function of their 
respective diameters. This curve may be 


called an error curve, as the ideal separa- 
tion would be a vertical line showing 
that the recovery left of this line is zero, 


- 
‘ 
indicating that no particles under a certain ~ 
size can be found in the thickened sus- _ 
pension, whereas the recovery on the — 
TABLE 1—Size Distribution and Efficiencies 
(Recoveries) of Size Fractions for 
Cyclone Thickener 13 of H Sete 
medium Washery 
CYCLONE 
DaTA THICKENER 
Diameter of cyclone, mm,................ 350 
Water:pressure; atat. .3.<.sutin saw see ane 2°55 
Quantity feed, cu meters per hr.......... 50.5 
Quantity clarified water, cu meters per. 
ey PRM ie PE ey ee eR ee 46.25 
Quantity thickened suspension, cu meters 
Per! Bry Ss cic hohe esheets Hoe ee ee 4.25 
Solid concentration feed, grams per liter.... 139 
Solid concentration clarified water, grams 
pen liters 00 Gao sae ee ee nits ae 60 
Solid concentration thickened suspension, 
grame per Titer s...o. <kn << osteaa Shao wele 086 
Specific gravity of thickened suspension, 
ke per iket 3.0. Ge. Gy. Sener turn eee on as 1.555 
Particle size of feed, microns pct: 
ALS OG els ss Sue ans ale ontiers cite Se eters 2.5 
=F, SFOSSOOT cc oes ot agra eee 2.9 
7.0 
16.9 
18.8 
. §1.9 
0.2 
0.4 
0.8 
2 hy | 
5-4 
O1.5 
Ad 
4-5 
TI,It 
27.0 ‘ 
27.67 , 
; 50 25.6 
Efficiency (recovery) of individual size frac- 
tions in thickened suspension, pct: 
SOD Gee oy apace ee Sasrete ess 96.7 5 
350-500 S..catna rock oe aia oan 95.6 A 
PIO-350 Mcuey Mes ee Mw ere oie 95.3 4 
DOS=BLO ST sare eriers re Mangere wis, alias 96.2 2 
50-105 ob Moh Rok ven. ws Seee ta Sage lane ies 88.8 . 
BO catia Hoa cee se eee ee 29.9 ? 
Average 1 recovery of solids in thickened sus- x 
PENSIONF DCCs, scans Veiga acta oe Ae eel 60.2 5 
. 
é 3 
right of the vertical would show that all . 
particles larger than the separating size  __ 
would be caught in the thickened suspen- 4 
sion. We will call the particle size of which : 
50 pct goes to the clarified water and 5 
50 pct to the thickened suspension the , 


separating size of the apparatus. In our 
cyclone thickeners, the separation size 
is approximately 35 yw. For other cyclones, 
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it depends on the shape and diameter of 
the cyclone, the inlet and outlet opening, 
the admission pressure, the solid contents 
of the feed, and other conditions. The 
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corresponding flowsheet is reproduced in 
this paper in Fig 6. 

Raw fine coal is admitted from a coal 
hopper by means of a belt conveyor into 
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Fic 4—RECOVERY OR ERROR OF CYCLONE THICKENERS USED IN SLIME-TAILINGS SUSPENSION 
WASHERY. 


size-distribution curves for the feed, the 
thickened suspension and the clarified 
water are shown on Fig 5. 


EXAMPLE OF CYCLONE WASHER 


The method and apparatus necessary 
to clean fine coal in a cyclone washer were 
described in an earlier paper,? and the 


container B, filled with the suspension of 
the desired specific gravity. An air lift 
pumps the mixture to a vessel V, placed 
about 13 m (43 ft) above the cyclone 
washer. This height is sufficient to furnish 
the necessary inlet pressure for cyclone Cy. 
The air lift is installed to take care of 
local conditions at the laboratory. An 
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actual plant would provide for a bucket 
elevator to bring the fine coal directly to 
vessel V. 

The separated products, coal and shale, 
leaving the cyclone are discharged on two 
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to secondary cyclone C,, where an addi- 
tional clarification takes place. The thick- 
ened suspension is returned to the system, 
and the twice-clarified water flows to 
waste. 


Fic 5—_SIZE DISTRIBUTION OF CYCLONE THICKENERS. 


vibrating screens S. Under each screen two 
fluid receivers F are placed; the first 
takes the undiluted suspension and returns 
it to container B and the second takes the 
rinsing water, enriched with the suspension 
washed off over the second part of the 
screen. The rinsing water then passes 
to a rotating screen RK to remove the 
coarser coal and shale particles and arrives 
in a tank 7, from which the pump P,, 
delivers the rinsing water to the cyclone 
thickener C,. 

The clarified water from the cyclone 
thickener C; is used as rinsing water on 
the screen S, but additional fresh water is 
sprayed onto the screen below the first 
rinsing. 

The amount of fresh water must leave 
the installation at another point, and thus 
part of the clarified water is admitted 


Fig 6 also shows the supply Sy of heavy 
material for the suspension; a mixer M 
to suspend the heavy material in water, 
and a pressure vessel P to raise the sus- 
pension to container B. 

The results of the various tests are 
plotted in a way similar to that described 
for the cyclone thickener. For the cyclone 
washer, the recoveries or efficiencies of 
the specific-gravity fractions are plotted 
against the corresponding specific gravities, 
and the upper part of this curve is inverted 
180° at the 50 pct recovery axis. Char- 
acteristic of the washing effect of the 
cyclone is the error area, which can be 
expressed in square centimeters; if on 
the abscissa o.1 pct increase of specific 
gravity corresponds to 1 cm, and on the 
ordinates rt pct recovery corresponds to 
0.5 cm. ; 
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Fic 6—PILOT CYCLONE WASHERY FOR FINE COAL. 

B Suspension container. 

V Suspension vessel. 
Cy Cyclone washer. 

S Vibrating screens. 

F Fluid receivers. 

T Rinsing-water tank. 

R Rotating screen. 

C; Secondary cyclone. 


P, Pump: 


S, Heavy-medium supply. 
M Suspension mixer. 

P Pressure vessel. 

C, Cyclone thickener. 


In order to study the’ washing effect 
of the cyclone for a very bad coal, we 
have treated a fine-coal middling product 
of 44.5 pct ash in the cyclone washer and 
obtained results that are compiled in 
Table 2. Table 3 shows the analysis of the 


feed for the various size fractions. The 
data indicate that the feed, which contains 
only 26.4 pct of material lighter than 
1.45 sp gr, can be separated into a clean 
coal of 6 pct ash and a refuse of 56.1 pct 
ash, whereas the float at 1.45 in the refuse 


: 


ee 
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is only 0.8 pct. The feed was screened 
on 44 mm, but still contained 15.14 pct 
under this size. 

The curve of Fig 7 shows that a separa- 


not apply to the example just given, but — 


only to cases where the feed is already 
low in ash and contains a sufficiently 
high percentage of low-gravity and low- 


TABLE 2—Effect of Grain Size on Error Area and Specific Gravity of Separation in Cyclone 
Washer Treating Middling Product 0 to 10 Millimeters of 44.5 Per Cent Ash 


mt cas Error Area 
Grain Size, Mm ror P 


Sq Cm of Separation 

+8 9.8 1.48 
4 -8 r307 1.46 
2 -4 15.6 1.46 
I -2 10¥2 1.48 
0.6 -I 36.3 1.54 
0.5 -—0.6 46.1 1.60 
0.35 --0.5 66.3 5247 
0.2I —0.35 85.8 1.84 
0.105—0. 21 200. 2.08 


Weights of products + 0.5 mm, kg per hour.. 

Ash content of products + 0.5 mm, pct.. 

Ash content of products o-10 mm, pet shia aoe ees 
Floats on 1.45 sp gr products + 0.5 mm, pct......... 


tion very near to theoretical is effected 
down to 14-mm, and that the error area, 
_as well as the specific gravity of separation, 
increases rapidly under this size. Where 


Specific Gravity 


Coal, Pct Refuse, Pct 
Weight | Ash | Weight | Ash 
5 49 
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ash coal. In order to find the relationship 
between the error area, expressed in square 
centimeters, and the actual losses resulting 
in inexact separation for a certain feed, 


TABLE 3—Analyses of Feed to Cyclone Washers 


Specific Gravity 
Fractions 


Size Fractions 
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“For results see Table 2. 


a very exact separation is necessary, for 
instance, when extremely low-ash coal 
is desired, the washed products can be 
screened at 14 mm. This, of course, does 
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Fig 11 of ref. 2 is reproduced here as 
Fig 8. The losses are the difference in 
yield between theoretical separation at a 
certain ash content and the actual yield 
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at the same ash content. This corresponds 
with the method to compute washery 
results, as described by Yancey and 
Fraser,’ where the actual washing is 


Jel 


AWN 
= 
2 
ats 
19S 
3 
| 


— 
KK] 


TROMP AREA MEAS 


BE REY 


publication cited. This graph, as well 
as our Fig 8, shows a very quick increase 
of the losses for separation at a low specific 
gravity or at a low ash content, and thus 


URING FAULTS OF SEPARATION 


Fic 8—Lossrs CAUSED BY INEXACT SEPARATION IN FUNCTION OF ERROR AREA AT DIFFERENT 
SPECIFIC GRAVITIES OF SEPARATION FOR FEED. 


compared with float-and-sink tests (theo- 
retical separation) and plotted against 
the cumulative ash percentages. The 
difference between the “float-and-sink”’ 
curve and “washing curve” at a certain 
ash percentage is the “loss of separation,” 
just referred to, and may also be repre- 
sented as an efficiency, as in Fig 37 of the 


for these cases an efficient cleaning ap- 


paratus such as the cyclone washer is 
necessary. 


MECHANICS OF CYCLONE 


Although it is not yet possible to give 
an exact theory about the cyclone thick- 
ener or cyclone washer, some problems 


lie bas sam iggy 


ae ae + 
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directly connected with the working of a 
cyclone have been solved and will be 
explained in the following: 


IDEAL TWo-DIMENSIONAL FLOW 
oF Nonviscous FLurp 


The motion of the liquid in a cyclone 
can be described comparatively easily if 
an ideal nonviscous fluid is assumed. 

In this case the motion can be thought 
of as a superposition of a vortex and a 
sink, each of which is a potential motion, 
so that the potential functions can be 
added together. 

Fig 9a shows the streamlines and the 
velocities of a vortex with circulation K 
and increasing tangential velocities » 
toward the center but without vorticity, 
in areas that exclude the center of rotation. 


The potential function, written in 

cylindrical polar coordination r and ¢ is: 
K 

go: = Set [1] 


and the tangential velocities can be found 
as follows: 


[2] 


Fig 9b shows the streamlines and the 
velocities of a sink with a constant capacity 
—e and increasing radial velocities toward 
the center. The potential function is: 


4 


é 
~ortLNg [3] 


g2 = 


and the radial velocities can be found as 
follows: 


[4] 


Fig 9c shows the superposition — of 
Figs 9a and 9. The potential function is: 


= bit b= = (Ke—elny) (5 
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The velocities c in the direction of the 
streamlines are: 


ca Verte = VEER Ig 


and the direction of the streamlines with 
reference to radius R is given by: 

= — > = constant [7] 
from which it follows that the streamlines 
are logarithmical spirals. 

Fig od shows how a pattern actually 
obtained on a cover of a 350-mm cyclone, 
used as a cyclone thickener during several 
months, compares with the theoretical 
spirals. 

It will be appreciated that the ideal 
nonviscous potential flow is impossible in 
practice because the velocities would 
grow to infinity when approaching the 
center or Z-axis. However, we will cal- 
culate the maximum tangential velocity, 
assuming ideal conditions for a hydraulic 
cyclone of 35-cm diameter, a pressure of 
2 atm, and a capacity of about 36 cu m 
per hr, the diameter of the inlet and outlet 
openings being 5 cm. 

The inlet velocity: 
Ei). 


1= = 5.1 m per sec 


1 
— 0.0573600 
4 Sao 


The minimum radius 72 at which a flow 
of liquid can be observed is somewhat 
smaller than the radius of the outlet 
opening, which is 2.5 cm. From Eq 2 
we find that: 


vr = constant = 2171 = Vole 
in our case, 


iS.) r per sec 
my = 0.15 m 
1, < 0.025 m 
Ve > 30.6 m per sec 


so that 
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and the ratio between the centrifugal 
force of a particle turning with velocity 

Y2 at a radius 72 and gravity is 
Centrifugal force _ 
Gravity R 


Vo” 


= 3800 


FLow oF Viscous FLuIp 


The general equations for a viscous 
flow are those given by Navier-Stokes 
and for our case the most apt for calculation 


are the cylindrical polar coordinates, 
written as follows: 
Ou Ou vou du v2 | 
peed pl eR RE 
vv Ov 
ate at rp hears 
Ow Ow vow 
at art rag 
and the operator 
Sk eel ate aim Maly Sat Aid 
dr?" yar | rd? * Az? 


In this set of equations, 


u = radial velocity, 
v = tangential velocity, 
w = velocity in z-axis 
For our case of a polar symmetrical 


steady flow these equations can be con- 
siderably simplified when the following 
conditions are observed: . 

1. The flow is steady, which means 
that velocities and pressures are the 
same at a time / and at a time ¢ + dt; thus 


du _ | av _ | aw 

Oh st ROP Nt CeOp 
udu vv? 1 0p 
Or crema pare? 
ON i ae 
or * 
udu ve  1dp 
or or =p Br ed 
O(vr) _ 
OF ut 


are 


"Lae tear + Se 
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2. The flow is polar symmetrical, which © 
means that velocities and pressures remain 
unchanged on coaxial circles, thus: 


Ou _ Ow _ 
rap rap ° 
au op _ 
rip ° we 


3. Although the radial and tangential 
velocities “ and v may change for variable z 
values, we assume that the flow is two di- 
mensional in superposed horizontal planes, 


Hae ( bs 2) 

farce a ~ 2 £2 OQ 

A ( ele *) 
ipatewan VEO ae e [8] 
Ow 10p 

Oz a A 


so that no velocity components in the z 
directions are present. 

Thus: w=o in the whole field and 
also the derivatives of w disappear. 

4. The fluid being assumed incom- 
pressible we have, in addition to the 
Navier-Stokes equations, the condition 
of continuity 

O(ur) 
or 


=o [9] 

This equation is the same as Eq 4 
and shows that the amount of fluid flowing 
through coaxial circles (or cylinders) is a 
constant and equals —e. 

Substituting conditions 1 to 3 in the 
general equations 8, we obtain the following 
equations for our special case: 


Ou du dm ui 
ES tsa; ror th az? “| 
Oy dv dy y 
aE pdr ascaas -5| 


which can also be written as follows: 


[10a] 


Lae or t+ 3a (so 
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Cc E d 
Fic 9—SUPERPOSITION OF VORTEX FLOW AND SINK TO CYCLONIC MOTION OF NONVISCOUS 
FLUID, AND COMPARISON OF LATTER WITH ACTUALLY OBTAINED PATTERN ON COVER OF 350-MILLI- 
METER CYCLONE THICKENER. 


combined with Eq 9 amount of fluid is a constant for a certain 
z value but may change with z, g, being 
“O(ur) : ’ 
aye [roc] an arbitrary function of Z. 
The same equation can also be written: 
These equations can be found in refer- ou 
ence 5. Following the writer of that Fae aint 240 
reference, we find that Eq toc can be i ag we 
written: or ua ai i [12] 
ur = o1(2) [xr] 


Substituting Eqs toc,.11 and 12 in 
an expression showing that the differential Eq 10a, we find: 
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eke 


We can postulate a vortex motion: 


A(or) 
OF te 


and wr = $2(z) 


the vortex constant being dependent only 
of z. 
Substituting this in Eq 10), we find 
0°02 
nl BS 


O22 [13] 


so that ¢ is a linear function of z. 
The Eq 10d can be solved if 


0p 
Bet:= ae 
ata 

or jp = ° 


We then assume that the circulation vr 
is a linear function of z. If all motions in 
planes perpendicular to the z-axis are 
true vortex motions (vy = constant), we 
have proved that this assumption is 
valid. 

We will see later that, apart from the 
motion in the close neighborhood of the 
core, the circular motion in viscous flows is 
very similar to a true vortex. Especially 
ifor the flow of normal fluids, such as water 
or air, the cinematic viscosity v is so low 
that a practically true vortex motion is 
obtained. 

Substituting Eq 13) in Eq 100, and 
assuming that the product vr may change 
with varying 7, so that 


O(vr) 
Or ¥ 


we find 


O(vr) _ nae | [14] 


“yor Or \r Or. 


r or 


From Eq toc we found that ur is con- 
stant in planes perpendicular to the 
Z-axis. For the total flow comprising all 


these planes, we can calculate with an 
average 


Ur = UP, = YS = —Ay 


— (Q being the total amount of medium 
passing through the cyclone and B the 
height in the Z direction of the entering 
flow at 71, so that 


—A O(or) | 5 {290 [15] 


r or arir Or 
The solution of the differential equation 
is 


Ai 
o= Ay*® » +As [16] 


The integration constants Az and A3 can 
be eliminated by inserting the terminal 
conditions 


gaa 1G 
f.—10 


forr = 17 
forr = fe 


the latter condition expressing the existence 
of a fixed core, at which circumference 
the fluid is at rest. 
: A, s 
Putting 2— pie! Eq 16 will be 
transformed to 


r= — 7% 
r= — ot 


= 


w= [17] 
This equation gives the tangential velocity 
v as a function of the radius r. There is a 
velocity ¥ maximum at a certain radius 
Tank 


[18] 


v maximum can be compared with the 
velocity of a nonviscous flow (v non- 
viscous), which would occur at radius rm: 


Umax ts 
Vnonvis ay i = [19] 
hoe 
7 
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Equations 18 and 1g are calculated on 
Table 4 and plotted in Fig 10 for the 
abscissa 

Ay Ay 


—x* = — — 2 


5 Ha 
y pv 


so that the effect of the viscosity to be 
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20 
VOTS=CINEMATIC VISCOSITY FOR Ai=320°% 


Fic 10—EFFECT OF CINEMATIC VISCOSITY v ON RADIUS tm OF MAXIMUM TANGENTIAL VELOCITY Vmax. 
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(exactly e = 2.718) the outlet radius re, 

whereas this velocity for a special case 
i I : 

where 72 = 6r2 is iGiiraw 0.558 times 


the velocity of nonviscous flow at the 


‘radius fm. The latter velocity can be 


calculated as: 9371 = Vponvis’'m- 


005 


i OS OQ2_al 


: AND ON RATIO ?max,/?nonviscous. 
Ynonvis. Is Maximum tangential velocity at rm for ideal vortex motion. 


read in the lower scale can be studied, 
and we come to the following conclusion: 
1. For cinematic viscosities, which occur 
in practice and are 0.01 sq cm per sec 
for water at 20°C, the influence of the 
viscosity is negligible; both the ratio 


approach one very quickly. 
a) Vnonvis 
This indicates that, with normal fluids, 
the tangential velocities behave  simi- 
larly to nonviscous fluids for which 
vr = constant. 

2. For very high cinematic viscosities 
the radius rn, at which maximum tan- 
gential velocity %max occurs, is 2.7 times 


VELOCITY OF PARTICLES IN MEDIA (WATER 
or AtR) DUE TO GRAVITATIONAL OR 
CENTRIFUGAL FORCES 


Gravitational Forces 


The velocity of fall for particles in 
media has been thoroughly described in 
literature.2* “The laws governing the 
motion in viscous liquids can be divided 
into three ranges, which depend on the 


Reynolds number (2%, = 2) where w 


is the velocity of fall of the particle, d 
its diameter, and vy the cinematic viscosity 
of the medium. 

Range I—For small Reynolds numbers 
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Rep 1), the well-known Stokes’ law 


applies: 


ny aha ay. 


Stokes [20] 


I 
i 2 
eat 79 84 


Where y, = the specific gravity of a sphere, 


y = the specific gravity of the fluid, 
p = the viscosity of the fluid. 
Range II—As a rule, the motion of 
small particles in a heavy-liquid bath is 
not governed by Stokes’ law but by the 
middle portion of a curve indicating the 
relation between R, and the resistance 
factor C, (ref. 2, Fig 1). This part can 
be approximated by Allen’s formula: 


4% 
w = \ d(y.—¥) [21] 
(Gree 
Range III—For increasing Reynolds 
numbers, c» is a constant, and w is de- 
scribed by the law of Newton-Rittinger: 


[22] 


This equation, however, can be used 
for all three ranges, if the exact value of 
Cw is inserted. As, however, cy depends on 
R., which again is proportional to w, 
it is a method of trial and error to compute 
the exact value in the equation. In order 
to eliminate the elaborate calculation of w 
in liquids or gases, F. Fontein, engineer 
of the Mining Research Station of the 
Staatsmijnen in Limburg, The Nether- 


lands, has designed a very practical chart 


(Fig 11) by which it is possible to find 
at once the velocity of particles of varying 
density and sizes in liquids and gases of 
varying densities and viscosities. 

By plotting y = log w against «= 


d ~ 
log c. log . the Reynolds numbers 


d he : 
R, = =, appear as straight lines under 


45° because the sum of the abscissas and 
ordinates is a constant for R, = constant:. 


d 
x+y = log 4+ log w = log ™ = log R, 


= constant 


It can be proved easily that in this 
graph the Stokes and Newton-Rittinger 
laws also appear as straight lines, whereas 
the motion approximated by Allen’s law 
must be drawn as a gradual transition 
of Range I of Stokes to Range III of 
Newton-Rittinger. 


TABLE 4—Effect of Cinematic Viscosity v 
on Vortex Motion in a Cyclone 


Vv 
Sq Cm 
per Sec 


Aes 


Se * ————_$_ = 


160 a a: 0.55 
160 2.001 2. 0.557 
160 2.01 3. 0.557 
153 But 2: 0.554 
128 2.5 Ce 0.563 
107 x 25 0.60 
80 4 a, 9.69 
64 5 ts. 0.75 
53 6 ee 0.80 
29 » 0.90 
27 BA 0.909 
3.3 i 0.99 
0.32 a Ae 0.999 
0.032 TA 0.9999 


B 
numerical value as the example on page 12: 


* For constant A1 = 55 we have taken the same 


270.05 = 0.032 sq M per Sec = 320sqcm per sec 


Q being 36 cu m per hr = 0.01 cum per sec, A1 must 
be expressed in the same dimensions as », thus in 
square centimeters per second. 


> For our case we have figured with: & =6 
2 


x 
x—I 
I— 6? 


Umax Umax 
= 


K/rm 


and 


ynonvise 


The three ranges are now clearly in- 
dicated and divided by lines of constant 
R, (Fig 11). 

As mentioned before, not the diameter 
of the particle d but the logarithm of the 
expression 


d _ diameter of particles ~ dy 
v cinematic viscosity Le 
_ dia X sp gr of liquids 


~ abs viscosity of liquids 


is plotted on the abscissa. 


— Tee 


> Ae 
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From this value, a vertical line must 
be drawn until it intersects with the curved 


lines for constant ae 

At the point of intersection, the value 
for w can be read on the vertical axis. 

On the abscissa, as well as on the w-axis, 
two scales are shown, one for liquids and 
one for gases. The oblique-and curved 


lines have also scales for gases and liquids, 
so that the graph can be used to compute 
the velocity of fall of particles in liquids 
as well as in gases. 

The left part of the graph, limited 
by the thick straight line under 45° for 
R. = 1071, covers Range I of Stokes’ law, 
where the velocity of fall is proportional 
to da. 


OF FALL I omy, 
R OF SPHERE IN c 
SPHERE IN 3, 


+ SPEC. GR. OF THE LIQUID OR GAS IN Siem! 
eB VISCOSITY GF LIQuidD OR GAS IN POISE 
Rex NUMBER OF REYNOLDS = WEY v 


Fic II—FONTEIN’S CHART FOR COMPUTING VELOCITIES OF FALL OF SPHERICAL PAR 


W = RESISTANCE Wg. 


hub ae 


TICLES IN 


LIQUIDS AND GASES. 


Example: Required is velocity of fall w in water of 20 
Specific gravity of water y = 1 gram per cu cm. 


Abscissa viscosity of water « = 0.01 poise. 


°C of ball with diameter d = 2 cm. 


Specific gravity ys = 3 grams per cu cm. 


— 7 , = 2X 107%. From value 200 on abscissa follow arrow to 


d 
Calculate e = 200 and Samet be 


intersection of curve for which B= 


liquids must be used. 


Ass = Y » = 2X 10 and find w = 110 cm per sec. The scale for 


‘ 
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The following Range II, between R, 
= 107! and R, = 2000, is the transition 
from Stokes’ law to the Newton-Rittinger 
law, and the velocity is approximately 
described by Allen’s law, where w is 
proportional to d. 

Range III, between Ry = 2000 and 
R. = 108, can be described by the law 
of Newton-Rittinger, where w is pro- 
portional to the square root of d. 

The range beyond R, = 10° does not 
occur in washery practice, so the calculation 
of w at these high: Reynolds numbers 
will not be discussed in this paper. 

If the particles are not spherical, but 
angular or flat, as for coal or shale par- 
ticles, the velocity of fall w is smaller, 
and we must introduce a factor f by 
which w for spherical particles should be 
multiplied. 


W coal or shale particles = if x w spherical particles 


As can be foreseen, this factor f again 
depends on the Reynolds number. Assum- 
ing a ratio 


thickness 


a 
Peps re Theo | for coal 


and 
; = 0.4 for shale 


the factor f can be found with Table s. 


TABLE 5—Factor f 


Velocity of Fall for Spherical Particles Must 
be Multiplied by f in Order to Obtain Veloci- 
ties for Coal and Shale Particles 


Factor f 
Parla te? = 
of Particle | nolds 
in Water, | Num- For For Range 
Cm. ber, Re| Coal, | Shale 
Ys <1.3 |ys >2.0 
<0.01 o-1I I (Stokes) 
About 0.14]100—200 II (Allen) 
>0.4 1o*r05 


III (Newton- 
Ritt.) 


The factors f were determined by 
Fontein in measuring the velocities of 


fall of small coal and shale particles of 
1 to 2 mm, the éxact dimensions of which 
were ascertained before the tests. 


Centrifugal Forces 


The only difference in the equations 
for the velocities of fall due to gravity 
and the velocities due to the centrifugal 
force is that for the latter the acceleration 
of gravity g must be replaced by the 

y2 
acceleration of centrifugal force 
In the Stokes’ equation 20, w is propor- 


tional to g, thus the velocity in the cen- 
y2 
trifugal field is proportional to Pr and 


the factor c, by which the velocities of 
fall must be multiplied to obtain the 
velocities in the field of centrifugal force, 
is: 
y2 
C Stokes = rg 
In Allen’s Eq 21, w is proportional to g”; 
thus, 


vr» % 
CAllen = (= 


In the Newton-Rittinger Eq 22, w is 
proportional to ~/g; thus, 


v? 
C Newton-Ritti = Soar 
ewton Attinger rg 


In the graph of Fig 11, the increased 
acceleration due to the centrifugal forces 
can be taken care of in multiplying the 

=" 2 
Mae by the factor a 
irrespective of the range. 

As an example, we assume in Fig 12 


= 10. The parameter Goro 


parameter 


must be increased by 10 to obtain the 
required velocity w., in the centrifugal 


field for the same value, d a 


We remark that the centrifugal force 


iid 


i 
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has a relatively larger effect on the small 
‘*Stokes” particles than on the somewhat 
larger ‘‘Allen”’ particles. 

The graph, Fig 11, is specially designed 
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remarked that Allen’s law (21) should also 
give a straight line in the logarithmic 
diagram of Fig 11, but the curved lines 
give a better approximation to the true 


Fic 12—METHOD OF COMPUTING VELOCITY Wes OF SPHERICAL PARTICLES IN CENTRIFUGAL FIELD 


. BY MULTIPLYING THE PARAMETER =f 


Veron 


p of graph 11 


ne ae 
with — 
r 


w = velocity of fall, 
wer = velocity in centrifugal field. 


for Range II of Allen, as the velocities 
of Ranges I (Stokes) and III (Newton- 
Rittinger) can be easily calculated by 
means of the Eqs 20 and 22. It should be 


velocities of fall computed with help of 
the exactly measured c, values (ref. 2, 
Fig 1) than Equation 21. Another ob- 
servation is that all velocities w are 
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ultimate velocities of isolated spheres 
in a theoretically unlimited medium. 
For coal or shale particles moving amidst 
other particles, the laws for the ultimate 
velocities are liable to considerable cor- 
rections. ® 


SUMMARY 


The principle and behavior of cyclone 
thickeners and washers are described and 
flowsheets showing the position of the 
cyclones in heavy-medium washeries are 
included. 

A method of error curves, to judge the 
~effect of separating apparatus, is developed 
and specialized as well for the cyclone 
thickeners separating small particles into 
coarser and finer fractions as for cyclone 
washers separating particles of various 
specific gravities into heavier and lighter 
fractions. 

An example for the cyclone thickener 
is given, showing that the 
size”? where so pct of a certain fraction is 
caught is situated at a grain size of about 
35H. 


An example for the cyclone washer’ 


treating a middling product of 44.5 pct 
ash shows that it is possible to wash 
particles down to 0.5 mm with a very high 
approximation to theoretical separation, 
whereas a washing effect down to 0.1 mm 
could be demonstrated. 

The theory of the flow in a cyclone is 
discussed under the assumption that it 
can be compared with an ideal sink in a 
nonviscous liquid. With the help of the 
Navier-Stokes equations in polar coordi- 
nates, a first approximation considering 
the effect of viscosity on the maximum 
tangential velocity near the cyclone core 
can be obtained. 

For the velocities of small particles 
in media under the influence of gravita- 
tional or centrifugal forces, a new chart 
is designed, which gives the solution for a 
certain range of particle sizes and velocities 


“separating 


that cannot be eteuten by an exact 
equation. 
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APPENDIX 


Method to Calculate Partial Recoveries 
(Error Curve) 


Let us suppose A (Fig 13) to be a sepa- 
rating vessel of arbitrary construction 
having a feed f and a discharge of the 


separated products ¢ (coal) and d (dirt). 


The feed f may consist of particles, which 
can be distinguished by a certain physical 
property such as size, specific gravity, 
sulphur content, surface tension, and so on. 
We further assume that the physical prop- 
erty can be evaluated by a number, such 
as the size by the diameter, and we then 
can divide the feed as well as the product 
c and d in fractions limited by these num- 
bers. Let us assume that these numbers 
actually denominate the size of the parti- 
cles and that we are able to ascertain by 
experiment the size fractions of c and d, 


but also the ratio of weight of the solids = 


4 
os Ra 
As f = ¢ + d, we also know x2 ; and 
d so Z 
Tok 


M. G. DRIESSEN ; 261 


We then can calculate for each size- 
fraction the recovery in one of the products 
c or d. For instance the recovery rz of a 
certain fraction in the product c is given by: 


a8 the weight of the fraction in ¢ 
the weight of the fraction in c + the 
weight of the fraction in d 


= 


Cc 


A 
d 


Fic 13——SHOWING SEPARATING VESSEL A WITH 
(FEED f AND PRODUCTS ¢ (COAL) AND d (DIRT). 


As a rule we will express the weights of 
the fractions in percentages of the products. 
Thus «, may denominate the percentage of 
the fraction in question available in the 
product c, Similarly «2 the fraction in d. 
We now have 


C 
Rapa Moree dg f XC 
: C a xc + «ad 
Merge eaetad 
G 
— ae 
beg he 


As the latter expression only contains the 
ratio in weight of the products ¢ and d and 
the fractions of a certain size x, and 2a 
expressed in percentages of the products ¢ 


: C 
and d, respectively, a measurement of d and 


_a size analysis of the products will suffice 


to compute the recoveries or efficiencies of 
the individual size fractions. 


Tf : is not directly measured 5 can be 


calculated from one of the size fractions in 
the feed f and in the products ¢ and d 
according to the following formula: 

c Xy — Xa 

d A Xe — Xt 
x, standing for the size fraction in the feed. 


The Cyclone as a Thickener of Coal Slurry* 
By H. F. Yanceyt anp M. R. GrEr,{ MEMBERS AIME 


(Cincinnati Meeting, October 1947) 


Wirt the exception of pneumatic proces- 
ses and a few special beneficiation methods 
of comparatively limited application, all 
mechanical coal-cleaning and mineral- 
dressing processes involve the admixture 
of solid particles with a liquid, generally 
water. Upon completion of the beneficia- 
tion process the solids must be reclaimed 
from the water. With coarse particles sepa- 
ration of solids from water is accomplished 
readily by the simple expedient of screen- 
ing, but recovery of fine solids presents a 
much more difficult problem. Thickening 
and dewatering are practiced so generally, 
both within the mineral industry and else- 
where, that they have been the subject of 
study through the years and a number of 
processes for making the solid-liquid sepa- 
ration have been developed. Dorr-type 
thickeners have been standard equipment 
for many years, and more recently driers 
employing centrifugal force have gained in 
popularity.! 

A cyclone device employed to thicken the 
loess suspension is a novel feature of the 
loess heavy-medium coal-cleaning process 
developed by the Netherlands State Mines 
in the thirties. The cyclone thickener was 
first mentioned by Driessen? in 1939 in a 
paper describing the loess process and has 
been the subject of two more recent reports 

* This report gives the results of work done 
under a cooperative agreement between the 
U. S. Department of the Interior, Bureau of 
Mines, and the University of Washington. 
Published by permission of the Director, 
Bureau of Mines. Manuscript received at the 
office of the Institute October 30, 1947. Issued 
as TP 2351 in Coat TECHNOLOGY, February 
Peat teases Engineer and Mining Engineer, 
respectively, Northwest Experiment Station, 


Bureau of Mines, Seattle, Washington. 
1 References are at the end of the paper. 
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by the same author.* The cyclone does not 
differ greatly from cyclone dust collectors 
used in this country for years, except that 
it is operated wet rather than dry. Advan- 
tages of the cyclone over other thickening 
devices are its simplicity of construction, 


high capacity, and the fact that, having no 
. moving parts, it is simple and inexpensive 


to operate. 

The Bureau of Mines became interested 
in the cyclone after one of the present au- 
thors observed it in operation in the 
Netherlands in 1945. The first experimental 
work with the cyclone conducted by the 
Bureau of Mines was an investigation of 
the unit functioning as a heavy-medium 
cleaner for fine coal—a use for the cyclone 
that was conceived long after it had been 
perfected as a thickener. The results of this 
investigation were published last year.4 The 
present investigation deals exclusively with 
operation of the cyclone as a thickener? 


OBJECT AND SCOPE OF INVESTIGATION 


Although the cyclone thickener has been 
dealt with in three reports by Driessen, its 
use as a thickener was not the principal 
subject of any of these reports and therefore 
neither the cyclone itself nor its operation 
was described completely. The design of the 
cyclone was described only in a very gen- 
eral way, only limited operating results 
were given, and virtually nothing was dis- 
closed about the influence of the various 
possible operating variables: Moreover, the 
Netherlanders: apparently had employed 
the cyclone exclusively for thickening loess 
and had not employed it on coal slurries. 
One English colliery has used a cyclone to 
thicken coal slurry, and as it appeared that 


ose 
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the Netherlands-type cyclone might have 
wide application as a thickener for coal 
slurries in this country, the Bureau of 
Mines launched an investigation to provide 
information about construction and opera- 


-tion. The investigation has been in progress 


for about six months and it has become 
apparent that considerable time will be 


required to study completely all aspects of 


cyclone design and operation. Therefore, 
since the results obtained thus far have 
been so promising, it was considered ad- 
visable to publish them now for the benefit 
of the coal industry rather than to await 
completion of the investigation. 

The cyclone used so far is a unit 5 in. in 


‘diam having a capacity of 4o to 50 gpm. 


This unit probably is smaller than normally 
would be used in a plant but serves ad- 
mirably for testing purposes because the 
small capacity permits a large number of 
tests to be made in minimum time—a 
desirable feature when investigating a 
device about which so little is known. 

Most of the investigation was conducted 
in the laboratory where control over all 
operating factors is more easily established 
and where samples can be examined more 
readily. Once satisfactory operation of the 
cyclone was achieved, however, it was in- 
stalled temporarily in two coal washeries 
where performance under plant conditions 
could be observed. 


DESCRIPTION OF EQUIPMENT AND 
TESTING PROCEDURE 


Fig 1 illustrates the construction of one of 
the cyclones used in this investigation. The 
conical section, which is the heart of the 
cyclone, is 5 in. max diam, 1 in. min diam, 
and 11.3-in. high; the total inclosed angle 
of the cone is 20°. Immediately above the 
conical section is a cylindrical ring 13¢ in. 
high and 5 in. in diam, through which the 
feed tube enters the cyclone. The feed tube, 
which tapers from 1}4-in. to 134 g-in. diam 
in a length of 714 in., enters the cyclone on 
a tangent with the cylindrical ring and is 


inclined downward at an angle of 5° from 
the horizontal. Surmounting the cylin- 
drical ring is a removable orifice plate fitted 
with a tube extending down into the cy- 
clone. The chamber above the orifice plate 
serves to collect and discharge the overflow 
water through a 1}4-in. pipe at one side of 
the chamber. A sleeve within the overflow 
chamber holds the orifice plate down by 
means of pressure from the screw. cap. 

In operation the slurry of water and fine 
coal is pumped through the tangential feed 
nozzle and thereby caused to rotate or 
whirl. Under the influence of the centrifugal 
force developed by the rotary motion, the 
solid particles are thrown to the wall of 
the conical section and forced downward 
along the wall until they pass out of the - 
cyclone through the underflow or bottom 
opening. The water, largely freed of solid 
particles, overflows through the central 
opening in the orifice plate at the top and 
leaves the cyclone by way of the overflow 
chamber. 

In designing the cyclone means were pro- 
vided for varying the size of the various 
openings. The feed nozzle can be varied in 
size by inserting sleeves, the size and type 
of overflow opening can be varied by means 
of interchangeable orifice plates, and the 
underflow opening can be varied in size by 
screwing plugs having different openings 
into the bottom section of the cyclone. 
Also, the cyclone was constructed so that 
interchangeable conical sections of various 
slopes can be used. 

Fig 2 is a photograph of the laboratory 
installation. The cyclone is mounted over a 
so-gal conical tank which serves as a col- 
lecting sump for the feed pump. Thus 
the cyclone is in a closed circuit, both 
overflow water and underflow coal falling 
directly into the conical tank and from 
there being recirculated through the cy- 
clone. The centrifugal pump is provided 
with a variable-speed drive capable of 
developing from o to 50 psi pressure at the 


feed nozzle of the cyclone. 
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In making a test, slurry is introduced 
into the conical tank and the cyclone is 
operated until the optimum combination of 
operating adjustments, as judged visually, 
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of the cyclone an artificial slurry was used. 
Coal from the Big bed in the Roslyn No. 3 
mine, Ronald, Wash., was crushed to the 
desired top size and mixed with water to 
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Fic 1—CONSTRUCTION OF CYCLONE. 


is obtained. Time samples of both overflow 
and underflow products are then collected 
simultaneously for examination. For most 
tests the percentage of solids in both 
samples is determined and the solids are 
screened to determine particle size. In some 
cases the solids ate analyzed for ash con- 
tent. The composition of the feed to the 
cyclone is calculated from the composition 
of the two products. 


Slurries Tested 


In most of the preliminary work of deter- 
mining the basic operating characteristics 


obtain a slurry having the pulp ratio re- 
quired for a particular test. The top particle 
size employed in these tests ranged from 
6- to 65-mesh, and the slurries varied from 
0.3 to 39.0 pet solids. 

Following the preliminary work the cy- 
clone was installed in the central cleaning 
plant of the Northwestern Improvement 
Co., Roslyn, Wash., which handles coal 
from the company’s three mines in that 
district. While installed in this plant the 
cyclone was operated on the effluent from a 
centrifugal drier—a slurry with about 20 
pet solids, having a top size of 28-mesh, and 
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containing about 50 pct of material finer 
than 200-mesh. Tests were made also on 
the overflow product of a large, conical 
settling tank of the type frequently used 


flow and underflow openings are properly 
adjusted for the feed rate and the character 
of the slurry being treated, the underflow 
product will emerge from the bottom of the 


Fic 2—CyYCLONE TEST UNIT ARRANGED FOR CLOSED-CIRCUIT OPERATION, 


at washeries to provide clarified water for 


recirculation in the plant. This overflow’ 


product contained 8 pct solids, about 80 pet 
of which was finer than 200-mesh. 

The cyclone was subsequently installed 
in the washery of the Springbrook Mining 
Co., Renton, Wash., where it was used to 
recover solids from the slurry wasted from a 


settling tank. This slurry contained 4 pct 


solids having a top size of 35-mesh and 
averaging about so pct finer than 200-mesh. 


Forms oF CycLONE UNDERFLOW PRODUCT 


The form in which the underflow product 
emerges from the cyclone provides the best 
means of judging cyclone operation. On 
starting the cyclone, if the’sizes.of the over- 


cyclone in the form of a strong spray or 
vortex of water and coal. If, however, the 
underflow opening is closed momentarily 
to permit a bed of coal to accumulate in the 
base of the cyclone, the vortex is replaced 
by a rotating or twisting solid rod of coal 
that resembles sausages coming from a mill. 
The ‘‘sausages”’ form, break off and drop, 
and then re-form. Fig 3 is a photograph of 
sausages that were produced from 35-mesh 
to o coal; they contained 65 pct solids as 
they came from the cyclone and retained 
their shape perfectly on drying. , 

Table 1 presents the results of two fests 
made on the same slurry with identical 
cyclone adjustments; in test 82 the under- 
flow was a vortex, while for test 81 the 
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underflow was converted to sausage form. 
In the test made with vortex operation 12.3 
pet of the water present in the cyclone 
feed entered the underflow product, and 


Fic 3—UNUSUALLY DRY CYCLONE UNDERFLOW IN THE FORM OF “SAUSAGES,” 


the underflow was thus diluted to 39.5 pct 
solids, In the test representing a sausage- 


type underflow only 5.3 pct of the water ~ 


present in the feed entered the underflow 
product, and the underflow contained 59.4 
pct solids. A sausage-type underflow always 
contains more solids than does a vortex 
underflow—the magnitude of the difference 
depending upon the concentration of solids 
in the cyclone feed. In treating dilute 
slurries the sausage-type underflow may 
contain as much as five times the concen- 
tration of solids obtained in a vortex under- 
flow, while in treating thicker slurries the 
difference between the two types of under- 
flow product is much less pronounced. 
The figures at the bottom of Table 1 
show what percentage of each size fraction 
of the solids entered the overflow water 
and what percentage was recovered in the 
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underflow product. The only noticeable 
difference in the recovery of solids obtained 
in operating the cyclone with sausage-type 
and vortex underflows occurs in the mate- 


Ak 
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rial finer than 200-mesh. There was virtu- 
ally no loss of solids coarser than 200-mesh 
in either test, but the material finer than 
this size was recovered more efficiently 


‘when the cyclone was operated with a 


vortex underflow. For example, with a 
sausage-type underflow only 20 pct of the 
material finer than 400-mesh was recovered, 
while with vortex operation the recovery in 
this size was 43.9 pct. Thus, in treating a 
slurry containing a high percentage of 
material finer than 200-mesh, vortex opera- 
tion will provide a higher total recovery of 
solids, but in treating a slurry containing 
only a moderate amount of extreme fines 
the recovery obtained with the two types 
of underflows is substantially the same. 
Even when conditions for a sausage-type 
underflow are ideal, the cyclone will con- 
tinue to operate indefinitely with a vortex 
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unless the underflow opening is closed 
momentarily to permit a bed of coal to 
accumulate. Whether or not a sausage-type 
underflow can be formed depends upon 
several factors. First, there must be suff- 
cient coarse solids in the feed to form and 
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In adjusting the cyclone, if the underflow 
opening is excessively large for the slurry 
being treated, too much water will reach 
the bottom and a sausage-type underflow 
cannot be obtained. If, on the other hand, 
the underflow opening is too small to pro- 


TABLE 1—Comparison of Cyclone Operation with Vortex- and Sausage-type Underflows 


Test 82, Vortex-type Under- 
flow 


Test 81, Sausage-type Under- 
flow 


Feed 
SOMASHDC Erste eee ueee wae NG, lee aNeieiegh Rael ahs 8.0 
Distribution of total solids, pct.......5. 20. cues 100.0 
Distribationiol water DCbieeacasm cocks cote re I00.0 
Screen analysis of solids, pet 
FG COS nae see rel: See ea Mee Bae 24.4 
AS tovO5;o cate A Pics Career Cire ae eee 27) 
5 at aR) Ae i GROSS Sc Ae Se ei eae Fee 
THEO RTOMLILN NS ey Gln 5 eA OER SOO Ca haa ener Gye 
MESON OOO eterna eieraiohe catia series eile Sieereueiak Pavone” SL 9.6 
S2O0e BIO ee epee s wom eRe wc biten 4,4 2.6 
270 to ee SO Se PR eG Aals Rae ieee Tone SO Re 4.6 
(UiidiersAOOmae aioe tec a Mette ofa cteisse in Stale sieves es T3°5 
Distribution of solids by sizes, pct 
ZuetOUAS Mey: atcaetee halide bun Siar Senha eve es 100.0 
ASWGOcOS sayin tceelcusvAloryeKer ees oh 100.0 
65 to 100 100.0 
100 to 150. 100.0 
150 to 200. 100.0 
200 to 270. 100.0 
270 to 400. 100.0 
Under 400... 100.0 


maintain a bed in the bottom of the cy- 
clone. Second, the cyclone must be operated 
at a feed-nozzle pressure high enough to 
insure a speed of rotation that will throw 
the solids out of suspension. And third, the 
size of the underflow opening must be ad- 
justed properly in relation to the amount of 
material it must pass. Once these condi- 
tions are established, however, the sausage- 
type underflow will persist despite wide 
fluctuations in the character of the cyclone 
feed—the concentration of solids in the 
feed may change, the size composition of 
these solids may vary, or the quantity of 
slurry entering the cyclone may fluctuate 
without destroying the sausage-form of the 
underflow. The rate at which the sausages 
emerge from the cyclone automatically 
adjusts itself to the rate at which solids are 
added to the bed in the bottom section of 
the cone. 


Over- Under- Over- Under- 
flow flow Feed flow flow 
0.8 39.5 8.0 1.0 59.4 
U hey f 92.3 100.0 10.8 89.2 
87.7 12.3 100.0 94.7 5.3 
0.0 26.4 23.8 0.0 26.7 
0.0 13.8 20.0 0.0 22.4 
Oar 255 19.2 0.1 20.5 
0.0 9.8 9.4 0.0 10.5 
0.4 10.4 8.6 0.8 9.6 
0.2 2.8 270) 5 ao 
p ee 4.9 4.4 8.2 3.9 
98.2 6.4 I2.0 89.4 287 
0.0 100.0 100.0 0.0 100.0 
0.0 100.0 100.0 0.0 100.0 
0.0 100.0 100.0 0.0 100.0 
0.0 100.0 100.0 0.0 100.0 
0.3 99.7 100.0 I.0 99.0 
0.8 99.2 100.0 6.2 93.8 
in 7, 98.3 100.0 20.4 79.6 
56.1 43.9 100.0 80.0 20.0 


vide egress for the solids as they are sepa- 
rated from the water, the cyclone will 
become overloaded. When overloaded with 
solids the speed of rotation within the cy- 
clone is decreased, less centrifugal force is 
developed, and consequently the separation 
of solids from water becomes inefficient; 
under this condition an excessive amount of 
coarse solids will enter the overflow prod- 
uct. The overloaded condition is reflected 
in the form of the underflow product, which 
loses the twist that characterizes a good 
sausage-type underflow and emerges from 
the cyclone as a lazy, straight, solid stream 
containing more water than that in a 
sausage-type underflow. 

When the cyclone is operating with a 
sausage-type underflow the water passing 
up through the overflow orifice rotates with 
sufficient speed to create'a vacuum in the 
area just under the center of the cap on the 
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overflow chamber. In fact, if this vacuum 
is broken by opening a petcock in the center 
of the cap the sausage-type underflow 
immediately breaks out into a vortex. 
When the cyclone is overloaded with 
solids, however, the water does not rotate 
fast enough to create a vacuum in the over- 
flow chamber, and the absence of the 
vacuum is an additional means of diag- 
nosing the overloaded condition. 

At this stage of the investigation it is 
impossible to specify with certainty how 
much coarse material a slurry must con- 
tain to give a sausage-type underflow from 
the cyclone. In general it appears, however, 
that the solids in the slurry should contain 
at least 35 or 40 pct of material coarser than 
200-mesh, depending somewhat on the con- 
centration of solids in the slurry, Thicker 
slurries can contain more extreme fines than 
is permissible in dilute slurries. 

Whether the cyclone should be operated 
with a vortex or a sausage-type underflow 
is entirely a question of the performance 
desired. If maximum recovery of solids, 
including the sizes finer than 200-mesh, is 
the principal consideration, vortex opera- 
tion should be employed. If, however, the 
maximum concentration of solids in the 
underflow product is required, a sausage- 
type underflow should be used. Operation 
of the cyclone with a sausage-type under- 
flow is best also if it is desired to recover the 
coarser solids but reject the extreme fines, 
for example, in recovering coal from a 
slurry containing considerable clay. 


DEsIGN Factors 


At the outset of the investigation so 
little was known about the construction of 
the cyclone that much of the preliminary 
work involved investigation of elements of 
cyclone design. The relative size of the 
feed-nozzle, overflow, and underflow open- 
ings, the type of overflow opening, and a 
number of other design factors had to be 


investigated before the performance of ‘the 


cyclone could be evaluated. 


Influence of Feed-nozzle Pressure on Cyclone 
Performance 


The feed-nozzle pressure employed in 
cyclone operation influences the capacity of 
the cyclone, and, since it determines the 
speed of rotation and thus the centrifugal 
force developed, influences the separation 
of solids from water. With the cyclones used 
in this investigation sausage-type under- 
flows could not be obtained at feed-nozzle 
pressures of much less than 15 psi and con- 
sequently test work was confined to the 
range of 15 to 80 psi, the maximum pressure 
obtainable. 

Table 2 presents the results of cyclone 
tests made on the same slurry at 15 and 50 
psi, all other operating adjustments remain- 
ing the same. In test 36, made at 50 psi, 
the cyclone handled 38 gpm or about 50 
pet more water than the throughput ob- 
tained in test 35 at 15 psi. The increase in 
capacity caused by increased nozzle pres- 
sure was thus 83 pct of the increase that 
would be calculated by assuming the flow 
to be proportional to the square root of the 
pressure increase. The fact that the solids 
capacity of the cyclone—4oo lb per hr— 
was the same in both tests is merely a 
coincidence; if the feed solids had been the 
same in both tests the throughput of solids 
in the 50 psi trial would have been 50 pct 
greater than that obtained at 15 psi. 

The underflow product obtained at 50 
psi contained 60.9 pct solids in comparison 
with 57.0 pet solids in the underflow prod- 
uct at 15 psi. In general the underflow is 


. somewhat drier at higher feed pressures but 


the advantage gained in this respect seldom 
is more than a few per cent. 

Inspection of the figures in Table 2 show- 
ing the distribution of solids by sizes indi- 
cates that increasing the feed pressure from 
15 to 50 psi had no appreciable effect on 
the recovery of any size fraction in the 
underflow product. In neither test was 
there a substantial loss of any material 
coarser than 200-mesh, and the treatment 
of material finer than this size was: about 
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the same at both feed pressures. It would be 
natural to expect that higher feed pressure, 
resulting in greater centrifugal force, would 
provide better recovery of the finest solids. 
However, higher feed pressure also in- 
creases the load of material being treated in 


the cyclone—a factor which militates | 


against more efficient clarification. If the 
feed nozzle were decreased in size so that 
the load of material in the cyclone was the 
same at higher feed pressure, the effect of 
greater centrifugal force in removing very 
fine solids from the water would become 
more apparent. 


ber instead of down into the cyclone. It was 
thought that the upward-pointing tube was 
necessary to prevent water in the overflow 
chamber from exerting back pressure on the 
cyclone. Actually, the upward-tube orifice 
was not only unnecessary but definitely 
inferior to the type of downward-tube 
orifice shown in Fig 1, as demonstrated by 
the results of comparable tests of the two 


_types presented in Table 3. With the up- 


ward-tube orifice, represented by test 309, 
2.3 pct of the solids coarser than 48-mesh 
entered the overflow water; similarly, 7.8 
pct of the 48- to 100-mesh solids and 11.1 


TaBLE 2—Comparison of Cyclone Operation at 15 and 50 psi Feed-nozzle Pressure 


Test 36, 50 psi 


Test 35, 15 psi 


Under- 
flow 
PArOUgUpUt, WALT, SPM iar cree + cal cies wate es 
Throuphput,solmds, lb per bri. fen. -6i2 de eae. 
(Sey AChE oe ocicton saad ods a. no ee Oh dub ease udicn r 60.9 
Distripution of solids; pCts..s..-.0 60.6 once. = 6 94.1 
Screen analysis, pct 
BB, CO AS esjefere clove euro cto sews ovigheeiwie sales ¢ 2 CM Hf 
A SELOT OO) arsyctetaiete: = oi elansteveya\e losses > oi) noise 8 50.2 
100 to 20g Lge pete Seis Abeer bic. ried wide tae Ries I 17.2 
MU eDNeO Gn erractnecietie rales Pe cd NAS 9 6.9 
Distcivation of solids by sizes, pet 
BEC OA GS erica aie efene o istsioiet aya uslty sr mist + els tela ingeln (0) 09.9 
48 to 100 3 99.9 
_ 100 to 200 9 96.8 
Under 200 6 54.9 


A number of other companion tests have 
been made on various slurries at 15 and 50 
psi, and in every case the influence of higher 
feed pressure was substantially the same as 
that illustrated in tests 35 and 36, that is, 
the capacity of the cyclone was increased 
about so pct, the underflow product was 
slightly drier, but the recovery of coal in 
the underflow product was practically the 


- same.. 


Comparison of Types of Overflow-orifice 
Plates 
In all of the initial cyclone tests the type 
of overflow-orifice plate employed was 
essentially like the one shown in Fig 1 
except that the plate was inverted with the 
tube extending up into the overflow cham- 


pct of the 100- to 200-mesh solids were 
carried out with the overflow water. In 
contrast, test 38 shows there was virtually 
no loss of solids coarser than 200-mesh with 
the downward-tube orifice. The downward- 
tube orifice also recovered 6.2 pct more of 
the solids finer than 200-mesh. 

A simple, thin-plate, sharp-edge orifice 
having no tube projecting in either direc- 
tion also was tried, but it likewise proved . 
distinctly inferior to the downward-tube 
type, as demonstrated by the test results 
presented in Table 4. With the thin-plate 
orifice a substantial proportion of the mate- 
rial coarser than 100-mesh and 17.2 pct of 
the 1o0- to 200-mesh solids were carried in 
the overflow water, while with the down- 
ward-tube orifice the loss of solids became 
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appreciable only at the 100- to 200-mesh 
size. 

The superiority of the downward-tube 
orifice can apparently be ascribed to the 
fact that in the cylindrical section at the top 
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have removed the overflow product from 
an elevation corresponding to the juncture 
of the cylindrical and conical sections of 
the cyclone. While: an overflow product 
withdrawn at this elevation is distinctly 


TABLE 3—Comparison of Upward-tube and Downward-tube Orifice Plates 


Test 38, Downward-tube 


Feed 
Throughput, water gpm ici scies os cewtentee 39.2 
Throughput, solids, lb per hr............... 2000. 
Solids; pct. (227. Ber Macatee Set ates fos 10.2 
Distribtition of solids; pctja.cecod sae 0 Beane 100.0 
Screen analysis, pct 
RO res SIE Quire ace ec ie Sam 33.9 
AS EO LOO ores och hota alas ieanre eersie, aeahe 42.3 
LOO 50/200 05 stein ayes st onarens yaa aie Bete bape avadotra cs 2255 
Under 200.0 c corse hierniana cu cee wee .3 
Distribution of solids by sizes, pct 
BE eCOLAS en eeite pickets alone Wiser Males wkadsihe ake 100.0 
BBAG: LOGS sagt lasapaanldie tirana eases Moy ae 100.0 
TOG1:0;: 200. ccotens.c oxidie tae ere A eee ee 100.0 
Wnder200.7 cheese te tae oes ee nee AON 100.0 


Test 39, Upward-tube 


Orifice Orifice 
Under- Over- | Under- 
flow Feed flow flow 
39.4 
1200. 

0.6 62.2 6.1 1.0 61.2 
5.5 94.5 100.0 14.9 85.1 
o.1 35.9 24.3 3.7 27.9 
0.1 44.7 42.6 22.3 46.2 
0.7 T3.2 16.1 12.0 16.8 
99.1 6.2 17.0 62.0 9.1 
0.0 100.0 100.0 ee 97.7 
0.0 100.0 100.0 7.8 92.2 
0.3 99.7 100.0 Tie 88.9 
48.2 51,8 100.0 54.4 45.6 


Test 36, Downward-tube 


Test 37, Thin-plate 


Orifice Orifice 
Over- | Under- Under- 
Feed flow flow flow 
Throughput; watery gps n.< hose went ween 37.9 H 
Throughput, solids, Ib per brs v.s.uen . clk eee an 400. 
DOMMES DCE nit icutinilhs athotte chrom oie ian Co ownia 2.3 0.1 60.9 .4 61.4 
Distribution of solids, pet ase cur tec e en book os 100.0 5.9 94. AS 84.5 
Screen analysis, pct 
SEO AB ease haba teh face e Arn Lo c.s 0 Fees 24.2 0.3 25:7 .0 .8 28.9 
66 E0' INO sais is OlGies Pace Che hae ay fee 47.3 0.5 50.2 «0 -2 48.1 
BOGUS BOO r5 0h 6, Ou cera os Mi eey scab lis salsa Alm cans 16.7 8.9 27.2 a .0 15.9 
Wrider 200 cht twice seb ah Oars ey cod ee 11.8 90.3 6.9 .o .0 br eee 
Distribution of solids by sizes, pet . 
AS OAS Sn ween Ra Me Noi Mite ety ten cars 100.0 0.1 99.9 mx) 4 97.6 
AS TO LOOP ib haven Csi eke ER AA iS 100.0 0,7 99.9 .0 .4 90.6 
TOO LO 200 tag, Gupiove +f lara a Bian eeeruncnyMe fe OMe hte 100.0 3.2 96.8 x) ‘2 82.8 
UAE. 200 earache Marnie suia ei vattctatemuk ene oft 100.0 45.1 54.9 .0 6.9 43.1 


of the cyclone where the feed enters, the 
separation between coal and water is in- 
complete—that is, some of the coal has not 
yet been forced to the wall; consequently 
overflow water withdrawn at this elevation 
contains some coarse coal. Clarification of 
the water becomes more complete as the 
slurry flows downward in the cyclone and 
the solid particles have had more time to 
be forced outward to the wall of the cone. 
The downward-tube orifices used thus far 


superior to one withdrawn at the top of the 
cyclone, the experiments are not yet suffi- 
ciently complete to demonstrate that this is 
necessarily the best point to take off the 
overflow water—still longer tubes have not 
been tried. 


Discussion of Types of Overflow Launders 


Strictly speaking, the orifice plate con- 
stitutes the top of the cyclone proper; all 
of the separation between coal and water 
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takes place below the orifice plate, and the 
portion of the cyclone above this level is 
merely a chamber or launder for collecting 
the water as it issues from the orifice. The 
design of this chamber is of some impor- 
tance, however, as it influences the back 
pressure on the orifice. The type of chamber 
illustrated in’ Fig I appears to be entirely 
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top portion of the cyclone; the annular 
bottom of the chamber has a drainage slope 
toward the discharge opening, which is 
located in the bottom. An overflow cham- 
ber of this type was tried out in comparison 
with the type illustrated in Fig 1 but no 
appreciable difference in the performance of 
the cyclone could be detected. 


TABLE s—Comparison of 10 and 20° Cone Sections, with Cyclone Operating on Slurry of Low 
Solids Content 


LEE 


Feed 


—_——— 


Cyclone openings, in.........---..++s-ee-2+> 
Feed-nozzle pressure, psi.........-..---2+-+++> 
Throughput, water, ZDM..........--- ee seees 
Throughput, solids, lb per hr.........-.--.--- 
SHilGls: WER Ae ee Roo oe initia 6 Aad Dror Reren 
Distribution of solids, pct:......- 5. seers ccs 
Screen analysis, pct 


FT ROMCONZOO ME eine ystestedsolaie isin ciate oir cedh sss erat 
Under 200... -.-- 2-220 e eee gett 
Distribution of solids by sizes, pct 


UO LOOie «0 ercre roles a ispersim shee viele es oieieienn 
FOO) COlLS Oliee epee ence rucdeusinle Sieh wr alesexe one sie © 
MB ONLOL2OO}, opr cecriat= ters) skein a= ar-\ hehe ey eieie shee ci 
MIC OT LOO ne cet a stoke pte tene i ale ap etelie ces eczuibue ten chs 


satisfactory, and has been used in most of 
the work done thus far. Water leaves this 
chamber through a 1}4-in. pipe discharging 
free to atmospheric pressure. A similar 
chamber having a 3-in. outlet opening was 
found to give slightly higher capacity, and 
was entirely satisfactory when operating 
with a vortex-type underflow; its use pre- 
vented the formation of a sausage-type 
underflow, however. The fact that either a 
3-in. outlet or a vent in the top of the 
overflow chamber prevents the formation 
of a sausage-type underflow suggests that a 
sausage-type underflow can be obtained 
only when there is a slight vacuum at the 
top center of the overflow chamber. 
Driessen’s?:* reports illustrate an over- 
flow chamber that is nearly twice the diam- 
eter of the conical section and encloses the 
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Test 53—10° Cone 


Test 54—20° Cone 


Over- Under- Over- | Under- 
flow flow Feed flow flow 
Me 1}4 K% 
15 
28.4 
400. 
oO. 2 2.8 0.4 S7 2k 
53 8 100.0 13.3 86.7 
oO. .0 21.5 0.2 24.8 
Di. .6 27.1 0.7 Sra 
oO. .6 18.1 2.4 20.5 
oO. 8 10.5 4.8 aA 
Iv 2 8.6 10.8 8.3 
97. .8 14.2 81.4 3.8 
oO. .0 100.0 0.1 99.9 
oO. xe) 100.0 0.3 99.7 
oO. .0 100.0 1.6 98.4 
oO. .8 100.0 6.1 93.9 
Oo. nae 100.0 16.7 83.3 
52. ne} 100.0 76.7 23.3 


An attempt was made to eliminate the 
overflow chamber entirely by attaching a 
2-in., U-shaped pipe directly to the orifice 
plate, but this arrangement appeared to 
create more back pressure than the cham- 
ber and was abandoned. 


Comparison of 10 and 20° Conical Sections 


All of the early work with the cyclone 
made use of a conical section like that illus- 
trated in Fig 1, having a total enclosed 
angle of 20°. Later a conical section with a 
total enclosed angle of ro° was installed and 
found to possess several definite advan- 
tages. Table 5 presents the results of two 
cyclone tests made with 10 and 20° cones 
on a slurry of low solids content, with the 
cyclone operating at 15 psi feed-nozzle 
pressure. The 10° cone handled 34.1 gpm in 
comparison with 28.4 gpm for the 20° cone, 
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an increase of 20 pct in capacity. The pump 
speed was the same for these two tests. In a 
number of other comparisons of the 10 and 
20° cones, with the feed pump operating at 
the same speed, the advantage in capacity 
of the 10° cone has ranged from 20 to 30 
pet. Thus, although the 10° cone is longer 
it offers less resistance to the flow of slurry 
and therefore provides higher capacity. 
The figures in Table 5 showing the 
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higher solids content. In these two tests the 
10° cone handled about 30 pct more slurry 
than the 20° cone, but part of this advan- 
tage can be attributed to the lower solids 
content of the feed—15.5 pct for the 10° 
cone in comparison with 21.1 pet for the 
20° cone. The recovery of coarse sizes 
effected by the 20° cone was good but did 
not match the more efficient operation of 
the 10° unit. 


TABLE 6—Comparison of 10 and 20° Cone Sections, with Cyclone Operating on Slurry of 
High Solids Content 


Test 55—20° Cone 


Test 56—10° Cone 


Cyclone:openings) in ierc wrosscre susrommie odors 
Feed-nozzle pressure, psi................-. 
Throughput, water, pM .....).000001se00- 
Throughput, solids, lb per hr.............. 
Solids np etisare converte tee eames Poth oustanen eels 
Distributtoriof solids, (pet... Ges neu. + wee 
Screen analysis, pct 


150 to 200... 
ADP LTO Loli. Som hom Are ie) alka agate aaa 
Distribution of solids by sizes, pct 


OG DONE oe a) oie siesta aches) ohssane oie isin iain a Ste 


distributions of solids by size fractions 
demonstrate that the 10° cone also gave a 
substantially higher recovery in the under- 
flow product of all sizes of solids. In fact, 
with the ro° cone there was virtually no 
loss of material coarser than 200-mesh in 
the overflow water. The recovery of mate- 
rial coarser than 200-mesh effected with the 
20° cone would have been much higher, 
however, if the overflow opening had been 
smaller. With a slurry containing less than 
3 pet solids, and with an underflow opening 
of 74 in., the 114 overflow opening is too 
large for the 20° cone but is correct for the 
10° cone. 

Table 6 gives the results of a similar com- 
parison between the 10 and 20° cones, but 
with the cyclone treating a slurry of much 
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The fact that the 10° cone provides more 
efficient recovery of solids, even with the 
greater throughput obtained, may be 
caused largely by the greater distance be- 
tween the points at which the products are 
removed from the cyclone, or it may be 
caused by the flow characteristics of the 
longer, steeper cone—which, is not known. 


Abrasive Wear of Cyclone 


No information is available from Dries- 
sen’s reports concerning the seriousness of 
abrasion in the cyclone thickener, and 
experience in the laboratory has been too 
limited to provide a reliable indication of 
cyclone life. After several months of inter- 
mittent use the first cyclone built shows no 
wear of the cylindrical section through 
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which the feed tube enters nor of the upper 
portion of the conical section. The cylin- 
drical section is made of mild steel and the 
conical section is of stainless steel. Wear is 
evident, however, in the bottom 2 or 3 in. 
of the conical section and in the inter- 
changeable, stainless-steel, screwed plugs 
that are used to change the size of the 
underflow opening. The fact that inter- 
mittent laboratory use over a period of a 
few months has caused measurable abra- 
sion in the bottom portion of the cyclone 
suggests that in a commercial unit it prob- 
ably would be severe. A design providing a 
renewable liner for the bottom portion of 
the cyclone may be required. 


Capacity of Cyclone 
As the high capacity of the cyclone con- 
stitutes one of its chief advantages over 
other types of thickeners, a direct compari- 
son of capacity in relation to area is of 
interest. With the 5-in. diam cyclone han- 
dling so gpm of slurry—a throughput that 


has been exceeded a number of times—its 


capacity is 367 gpm per sq ft of area. 

In a recent publication on the flotation of 
coal slurries Davis® describes the perfor- 
mance of a common type of thickener treat- 
ing a slurry with a solids content and size 
composition similar to slurries that have 
been used in the cyclone. This thickener 
was 60 ft in diam and handled 4000 gpm, 
or 1.4 gpm per sq ft of area. Thus the capac- 
ity of this thickener was 1469 of that ob- 
tainable in the cyclone. Moreover, the 
efficiency of solids recovery in this thick- 
etier did not equal that obtainable in the 
cyclone. Parton and Rubert,’? in another 
report on the flotation of coal, present per- 
formance data for a thickener operating as 
a hydroseparator; the slurry treated would 
be amenable to treatment in a cyclone. The 
hydroseparator, 75 ft in diam, handled 7000 
gpm or 1.5 gpm per sq ft of area. This ca- 
pacity was }430 of that obtainable in a 
cyclone making a similar separation at 
equal efficiency. 
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While comparison of a 5-in. laboratory 
cyclone with 60- or 75-ft conventional 
thickeners may not be entirely reliable, the 
high cyclone capacities obtained in this 
investigation, coupled with the fact that 
Driessen? reports a plant-size cyclone to 
have a capacity 400 times greater than 
conventional thickeners, leaves little doubt 
concerning the advantage of the cyclone 
thickener in terms of capacity. 

This comparison between the cyclone 
and conventional thickeners should not be 
construed to imply, however, that the 
cyclone is superior in all other respects. The 
cyclone is, in reality, a classifier capable 
of making an efficient separation on coal 
slurry at a size of about 200- to 4oo-mesh. 
Normally, two-thirds or more of the 
solids finer than 200-mesh escape with the 
overflow water, and therefore the cyclone 
is not capable of producing a clear overflow 
water from a slurry containing a high pro- 
portion of very ‘fine solids. Dorr-type 
thickeners, on the other hand, can be used 
to produce clear overflow water from 
slurries containing solids virtually all finer 
than 200-mesh. 


OPERATION OF CYCLONE ON CENTRIFUGAL- 
DRIER EFFLUENT 


The cyclone was installed temporarily in 
the central cleaning plant of the North- 
western Improvement Co., Roslyn, Wash., 
to permit observation of its operation under 
cleaning-plant conditions. The first slurry 
tried in the cyclone was the effluent of a 
centrifugal drier, which contains 30 to 35 
pet solids as it leaves the drier but is 
diluted to 15 to 20 pct solids to facilitate 
pumping to the plant settling cone. The 
object of these tests was to see whether the 
cyclone could treat the drier effluent to 
produce an overflow water containing less 
solids than that present in the water cur- 
rently wasted from the settling cone, and at 
the same time produce an underflow coal 
which, depending on its quality, could 
either be added directly to the washed coal 
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or retreated on tables. A cyclone function- 
ing in this manner would reduce the 
amount of solids in the water recirculating 
through the plant—an objective sought at 
most washeries. 
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tained in the overflow-water averaging 96 
pet finer than 200-mesh could be re- 
covered by retreatment in another cyclone 
is a problem that remains unexplored. 

The data for test 46 show that the solids 


TaBLE 7—Results of Cyclone Tests on Effluent of Centrifugal Drier 


Test 46 


Over- 
flow 


Cyclone openings, in........... 


1749 
Feed-nozzle pressure, psi....... 50 
Throughput, water, gpm....... 28.5 
Throughput, solids, Ib per hr...| 3000 
Solidss petit. send atkecs ca ratoks 17.0 a) 
Distribution of solids, pct...... 100.0 73 
Ash content of solids, pct...... 27.24 .6 
Distribution of water, pet...... 100.0 .9 
Screen analysis, pct 
OES A Sis tire caine occieie oe ee ae 18.1 3 
48 to 100... 25.3 “8 
100 to 200... 17.7 8 
Under 2002: tenth ees 38.9 ar 
Distribution of solids by sizes 
pet 
OVErrAaS Sen cet Mise aheitela's 100.0 4 
AS TO LOO Kiaecctisig plo el olaartiahe 100.0 sat, 
TOO VO) 200 oii. orelers blavansi's ots 0 de 100.0 on 
Winder, 200 ss dase ns cee oo 100.0 -9 


Table 7 shows the results of three tests 
made on the drier effluent with the cyclone 
operating under several different combina- 
tions of adjustments. Test 46 was made 
with a feed-nozzle opening of 174 in. anda 
pressure of so psi, while tests 42 and 43 
were made with a feed-nozzle opening of 
1146 in. and pressures of 15 and 50 psi, 
respectively. The greatest capacity was 
obtained with the larger feed-nozzle open- 
ing and the higher pressure of test 43, in 
which the cyclone handled 35 gpm of water 
and 3200 lb of solids per hr. The quality of 
the overflow and underflow products obtain- 
ed in these tests was substantially the same; 
the overflow water contained from 5.4 to 
6.0 pct solids and the underflow ranged 
from 61.8 to 65.4 pct solids. Virtually all 
of the solids coarser than 1oo-mesh were 
recovered in the underflow product, as was 
92.6 to 98.7 pct of the material of roo- to 
200-mesh size. About 70 pct of the material 
finer than 200-mesh was lost in the overflow 
water, however. Whether the solids con- 


Under- 
flow 


Test 42 Test 43 


Over- 
flow 
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in the cyclone feed contained 27.2 pct ash 
while those in the overflow and underflow 
products contained 36.6 and 23.5 pct ash, 
respectively. This cleaning effect obtained 
in the thickening operation is caused by 
the fine clay reporting largely to the over- 
flow product. The extent of the cleaning 
effect obtained with a particular slurry 
depends upon the amount of clay present, 
for impurities of coarser particle size are 
more apt to enter the underflow than the 
overflow product. 

The overflow water from the cyclone con- 
tained only 75 pct as much solid material as 
that carried by the overflow of the plant 
settling cone, and the solids were sub- 


. stantially finer—o6 pct through 200-mesh 


for the cyclone and 83 pct through 200- 
mesh for the settling cone. 


OPERATION OF CYCLONE ON SETTLING-CONE 
OVERFLOW 


When the tests on the centrifugal-drier 
effluent were completed the cyclone was 
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used to treat the overflow from a settling 
tank in the same washery. The settling 
tank is a 50-ft, 110,000-gal, conical tank 
of the type in general use at bituminous 
washeries to provide clarified water for 


recirculation. Most of the water overflow- 


ing the top of the cone is re-used in the 
plant, but a portion is bled off to prevent 
the solids from building up in the recircu- 
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cyclone openings was tried but no combina- 
tion of operating adjustments would yield a 
sausage-type underflow from this slurry. 
In treating a slurry containing solids that 
are over 80 pct finer than 200-mesh, the 
solids in the underflow product are too fine 
to maintain a bed in the bottom of the cy- 
clone, and consequently the wetter, vortex- 
type of underflow is obtained. 


TABLE 8—Results of Cyclone Tests on Settling-tank Overflow 


Test 65—65 psi Test 66—35 psi 


lated water. The overflow water that is 
wasted flows to a settling pond. The cy- 
clone was tried on this waste slurry to 
determine whether some of the coarser 
solids could be recovered. 

Table 8 presents the results of two tests 
made at 35 and 65 psi feed-nozzle pressure. 
Except for the additional capacity obtained 
at the higher pressure, the results of the 
two tests are similar. The cyclone recovered 
about 30 pct of the solids present in the 
slurry, and produced an underflow product 
containing about 50 pct solids. The other 
70 pet of the solids in the slurry—gg pct 
finer than 200-mesh—remained in the over- 
flow water. The proportion of solids finer 
than 150-mesh that escaped in the overflow 
product was substantially higher than that 
experienced in treating coarser slurries. 

A variety of feed-nozzle pressures and 


Feed Under- 
flow 
Cyclone openings, 1n2% 00 fe see ei 114 54 
Throughput, water, SPM... 6s. 2s eee 2: aaa ce 
Throughput, Solids; ib per: Or 2. frereicyne <> re 3080 
Solids, pct....- 2.2.6. e eee eee eee eee 10.8 a 5 .5 47.8 
*Distribution of solids, pct..........-...++. 100.0 SY) a3 22 29.8 
Ash content OLISOLIASN PCH > cei wleaw-ysiste tye -3 4 "2 25.8 
Distribution of water, Dct........5.0.-.-..- 100.0 as aes -4 3.6 
Screen analysis, pct 
(OWE ena corde a eS Sa DI Ein honana ecrea 0.1 .0 oe) .0 Tea 
AB PO! OSici5) «ote la sees oho cs «ete bis ots eye eve sie 0.4 .0 mi) .0 1.8 
65 to 100 2.9 .0 .9 .0 II.0 
100 to 150 3.9 eth -0 ar 15.2 
150 to 200 722 .0 4 .0 24.9 
Under 200 3 85.5 .9 ae -9 45.7 
Distribution of solids by sizes, pct 
CRG? 7p ainc > Oba DUO Gad Oe. aom menor 100.0 .0 .0 .0 100.0 
Bb te (ite chest Gn Oe ao Ob Deob ume teow aC 100.0 .0 .0 .O 100.0 
Gaya (0)! oe cee on dic io aioe SO ie 100.0 .0 .0 .0 100.0 
LO OFUOILS Onerrnc oe ere ete) ate cue slimes! =, ars ifs 100.0 .8 mia “5 98.5 
TE OALOL ZOO! cetera cle e eeaders sine ele fees sree 100.0 8 a .6 Q1.4 
TL STE TOO Ie ae RU eee sie akeeniduersl acne 100.0 .8 12 .6 16.4 


OPERATION OF CYCLONE ON SPRINGBROOK 
SLURRY 


The cylcone also was installed in the 
washery of the Springbrook Mining Co., 
Renton, Wash., to treat the overflow of a 
rectangular settling tank. This overflow 
product is a dilute slurry which currently 
is wasted to an outside settling pond. At 
many of the mines in this district the coal 
in such settling ponds is ultimately re- 
covered by diverting the flow of slurry to a 
second or alternate pond while the coal in 
the first dries enough to permit loading it 
out, but the Springbrook slurry contains 
so much clay that it is an unsaleable, waste 
product. 

Table 9 gives the results from one of a 
series of tests made on the slurry. The 
cyclone feed contained. 4.0 pct of solid 
material, over half of which was finer than 
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200-mesh. From this slurry the cyclone 
yielded an underflow product containing 
54.8 pct solids and an overflow water con- 
taining 1.8 pct solids. Solid material re- 
maining in the overflow water was 99.8 pct 
finer than 200-mesh, which attests to the 
efficiency with which solids coarser than 
200-mesh were recovered in the underflow 
product. No coal coarser than 150-mesh 
and only 0.6 pct of the 150- to 200-mesh 
solids present in the feed escaped with the 
overflow water. Material finer than 200- 
mesh was divided 76.1 pct to the overflow 
water and 23.9 pct to the underflow 
product. 


TABLE 9—Results of Cyclone Test on Spring- 
brook Slurry 


Test 59 
Over-| Under- 
Feed flow flow 
Cyclone openings, in...... 146 14 1346 
Feed-nozzle pressure, psi. . 50 
Throughput, water, gpm . 55-4 
Throughput, solids, lb per 
Hila tale sds: athens eterna ets 1200 
Solidanmotre attscaisroe hate oe 4.0 1.8 54.8 
Distribution of solids, pct..| 100.0 | 41.9 58.1 
Ash content of solids, pct. . 33) Si"59..2 TS.5 
Distribution of water, pct..| 100.0 | 98.0 20 
Screen analysis, pct 
BELONG Sie rtcrs aiyesecrstets 5.6 0.0 9.6 
I EOREOO hs tis t's Wierd » core 12.6 0.0 21.6 
LOO TOL 50 oceo:uc aye tims 13.0 0.0 22.4 
ESO SO) 200 scariest siete 13.9 O:2 23.8 
Under 200. dst as optina’ 54.9 | 99.8 22.6 
Distribution of solids by 
sizes, pct 
Bit: OR tes sie eine ries 100.0 0.0 | 100.0 
de HO LODV ieee hon Cee 100.0 0.0 | 100.0 
(Yeh dette poe Aeteio orien 100.0 0.0 | 100.0 
ESO £01200 Petar. ws es 100.0 0.6 09.4 
OPAC sire hick. baal 100.0 | 76,1 23.9 


The cleaning effect that accompanies the 
thickening of slurries containing consider- 
_ able clay is especially evident in the results 
of this test. The clay is concentrated in the 
sizes finer than 200-mesh and since these 
sizes report predominantly to the overflow 
product the coal recovered in the underflow 
of the cyclone is much cleaner than the 
solids in the untreated slurry. The feed 
to the cyclone contained 33.8 pct ash, the 
overflow solids 59.1 pct, and the underflow 
coal 15.5 pct. Thus the solids in the over- 
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flow water were as high in ash content as 


the refuse produced in many cleaning 


operations. 


Some difficulty in maintaining a sausage- 
type underflow from the cyclone was ex- 


perienced in this installation because of 
fluctuations in the amount of solids in the 
feed. When the solids dropped much below 3 
pct the size of the underflow opening had to 
be decreased to prevent the formation of a 
vortex. Not enough underflow coal was 
being produced to maintain a bed in the 
bottom of the cyclone. In the laboratory 
the cyclone has operated satisfactorily on 


feeds as dilute as 0.3 pct solids but the © 
solids were substantially coarser than those 


in the Springbrook sludge. Apparently the 


lower limit of feed solids at which the 


cyclone will operate with a sausage-type 
underflow and not require adjustment in 
the size of the underflow opening is deter- 
mined by the size composition as well as the 
concentration of the feed solids. 

Difficulty in maintaining a sausage-type 
underflow with fluctuations in feed solids is 
encountered only when the concentration 
of feed solids is low and the solids are fine. 
With feed solids containing 10 to 20 pct 
of material finer than 200-mesh, the con- 
centration of solids in the feed can vary 
from about 1 to over 25 pct and the cyclone 
will continue to operate satisfactorily with- 
out requiring any change in openings. With 
feed solids containing about 50 pct of mate- 
rial finer than 200-mesh, the cyclone will 
operate satisfactorily without adjustment 
in the range from 4 to 20 pct feed solids. 

At the Springbrook mine the underflow 
of the cyclone could be added to the 34 ¢-in. 
to o washed coal where neither its ash nor 
moisture content would be objectionable. 
Thus the cyclone would salvage a saleable 
product from material now wasted. 


SUMMARY 


This report describes an investigation 
made by the Bureau of Mines of a cyclone 
thickener developed in the Netherlands. 


DISCUSSION 


_ The investigation has not been completed, 
but experience with the cyclone so far has 
demonstrated that its capacity is several 
hundred times that of conventional thick- 
eners. Coal slurries can be thickened to a 
solids content of 60 to 65 pct. The cyclone 
effects virtually complete recovery of solids 
coarser than 200-mesh, but recovers only 
about one-third of the material finer than 
this size. Since recovery of solids finer than 
200-mesh is incomplete, the cyclone is un- 
able to produce a clear overflow water. The 
principal factors affecting the performance 
of the cyclone are the size of the openings 
through which the products are discharged, 
the slope of the cone, and the pressure at 
which the unit is operated. Since the cyclone 
is inexpensive to construct, has no moving 
parts, and is cheap to operate, it should 
find a number of applications, not only in 
the coal-washing field, but throughout the 
whole mineral industry. 
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CYCLONE ELIMINATION OF CONTAMINATING 
SoLtipS FROM PROCESS WATER 


Introduction 


D. A. Dantstrom* and R. W. MaEsert 
—Cyclones or centrifugal collectors have 
been used for many years in the separation 
of solids down to approximately five mi- 
crons in size from gases.®%1° Their wide 
application to this problem is due in part 
to their high elimination efficiency in the 
correct size range. However, the main ad- 
vantage lies in the very low capital, operat- 
ing and maintenance cost caused by their 
simple construction and lack of moving 
parts. 

In contrast, the cyclone has found only 
minor use in dealing with solids and 
liquids, probably because of its inability to 
produce an absolutely clear overflow 
stream. Driessen’s paper in 1939, noting 
the utilization of the cyclone for the 


* Technological Institute, Northwestern 


University. i 

+ Formerly Technological Institute, North- 
western University. Now E I. Du Pont de 
Nemours and Co. z 

8 References are at the end of the discussion. 
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thickening of loess in a heavy medium 
process and followed by later reports on its 
application to fine coal washing, represents 
one of the first major installations in the 
coal-washing field.!!:1213 Recently, Yancey 
and Geer have further increased the possi- 
bilities of the cyclone by demonstrating its 
practicability as a thickener of fine coal 
slurries in preliminary dewatering of coal.!4 
The object of this report is to indicate 
another application of the cyclone and to 
enlarge upon its fundamental theory. 
Operators in the Illinois and Indiana 
area have discussed with the authors the 
problem of contaminating solids in process 
and recycle waters of coal washeries. These 
particles‘may be as coarse as 4-mesh, but 
the greatest percentage is found below 
28-mesh. Their properties and ash content 
will depend upon the coal processed, the 
method of mining, and the nature of the 
banded impurities, overburden and under- 
burden of the coal. To illustrate, the per- 
centage of fine sizes in a mined product will 
be a function of the friability of the coal and 
the included extraneous material. Secondly, 
some methods of mining and transportation 
will increase this size range to a greater 
extent than others. Thus:an appreciable 
quantity of fines are present when the coal 
is first immersed in water. Further fines are 
created during the cleaning by degradation 
of the coarser sizes: However, the greatest 
trouble is caused by fines resulting from 
silt and shale. By: their physical nature, 
they tend to disperse as a suspension when 
placed in water even though originally 
present in coarse sizes. In addition, these 
resulting particles are usually finer than 
20o-mesh and offer a greater problem of 
extraction than the coarser coal. It is 
apparent that a large amount of the initial 
and created fines will pass through screens, 
filters, centrifugal driers, and other de- 
watering equipment resulting in a build up 
of contaminating solids in the recycled 
water. The problem is particularly acute 
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Se ak 


in the case of strip mines and in localities — 


where acid water conditions exist or water 


is in short supply. With the former, ap- — 


preciable quantities of overburden and 
underburden are mined with the coal and 


thus increase the content of clay, silt, and — 


sand. When acid water is encountered, 
the operator usually prefers a closed water 
system to reduce the amount of treatment 
necessary. This entails a high percentage of 
recycled water, allowing a large build up of 
fine solids. One strip miner in the Indiana 
area, with a clay overburden and severe 
acid water conditions, related that solid 
build up was so intense in his plant, the 
spray water sometimes would not pass 
through the screens unless a layer of coal 
was present. 

One of the frequent complaints resulting 
from the above condition is caused by the 
coating of the washed coal by a very thin 
layer of silt or clay. The deposit not only 
yields 4 poor ‘‘customer appeal” color, but 
offers industrial combustion problems due 
to decrease in the rate of ignition. Another 
problem is increased operating difficulty 
and lowered efficiency of hydraulic washing 
equipment when using a water varying in 
solid content and size consistency. Finally, 
suspended solids in water streams increase 
maintenance costs and offer operating 
troubles such as plugging of lines and 
sprays. 

Studies on the cyclone were initiated in 
July, 1947, at Northwestern University, as 
it appeared to offer a possible solution to 
the problem at a low capital and operating 
cost. If particles down to 10-15 microns can 
be eliminated, a large percentage of the 
original solids, including practically all 


the silt which causes a good share of the 


trouble encountered in the use of recycle 
water, will be removed. The cleaned water 
will be of a more consistent and optimum 
nature and together with its decreased ef- 
fective viscosity may alleviate the problem 
of clay deposition on the washed coal. In 


ee 
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performing the work, fundamental data 
were also taken in order that results could 
be used on any application of the cyclone. 
To simulate operating conditions, actual 
samples of wash water sediments from 


1-1/2" STD. PIPE 


_ FEED NOZZLE 
TANGENTIAL ENTRANCE 


fhe 
VARIABLE DIAM. 
DEPENDING ON 
CONE LENGTH 


i REMOVABLE CONE 


different points in various coal-cleaning 


_ plants were employed in the experimental 


work. Washery waste sediments from the 
slurry pond of the Truax-Traer Coal Co. 


- mine at Fiatt, Ill. were used in the majority 


of runs, but results were checked with 
other materials. While studies are still con- 
tinuing, sufficient results have been ob- 
tained to justify the publishing of a 
preliminary report. 
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Description of Experimental Cyclone 


The construction of the cyclone used in 
the tests is illustrated by Fig 4, and con- 
sists of a cylindrical section mounted above 


OVERFLOW 


UNDERFLOW 
Fic 4—CONSTRUCTION OF CYCLONE USED IN TESTS. 


a truncated cone. The latter section has a 
maximum diam of 7 in., tapering to a diam 
of 1.6 in., with an included angle of 20°. The 
cylindrical ring is 2 in. high and 7 in. in 
diam, with a cover plate containing an 
overflow opening. The feed nozzle enters 
the cylindrical ring tangentially, as illus- 
trated, and is a Venturi type nozzle with 
diam of 0.8 and 1.61 in. This nozzle is at- 
tached directly to the 114-in. feed line. The 
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entire conical section, cylindrical ring, 
cover and feed nozzle have been fabricated 
by rolling and brazing 0.04-in. sheet metal 
into the proper forms. The overflow dis- 


THE CYCLONE AS A THICKENER OF COAL SLURRY 


2-in. pipe is connected to the union to pre- 
vent spraying of the underflow. 

The slurry is pumped into the cyclone 
through the feed nozzle; the tangential 


Fic 5—EXPERIMENTAL EQUIPMENT. 


charge line is a standard 114-in. pipe 
tapered at the fluid entrance in the cyclone. 
Two inches above the cyclone cover, a 
standard 114-in. union is placed in the line. 
This union has been faced off to facilitate 
the introduction of orifices in the line at 
this point. The underflow discharge has 
been completed by attaching a 2-in. union, 
on the bottom of the cyclone. A centering 
ring is placed in this union and nozzles with 
the same slope as the conical section of the 
cyclone are placed in this ring to control 
the discharge. These nozzles have been cut 
off at various distances, creating different 
discharge areas for the underflow stream. A 


| 


velocity thus creates a spiral pattern of high 
centrifugal force. The solid particles of 
sufficient size and gravity are accordingly 
ejected outward to the walls and discharge 
in the underflow. The majority of the 
water, with uneliminated fine solids, moves 
radially inward and upward at an inner 
spiral located in the cyclone core to pass out 
the overflow. 

Various volume distributions can be ef- 
fected in the cyclone by either placing an 
orifice in the overflow discharge line or 
changing the nozzle in the underflow dis- 
charge line. Rates of throughput or centrif- 


ugal force acting in the cyclone were 
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altered by using one or both of the slurry 
pumps in series or by placing an orifice in 
the feed line between the cyclone entrance 
and the pump discharge. A pressure gauge 
was installed in the feed line before the 


_ inlet nozzle to obtain line pressures. At this 


point it should be obvious that no moving 
parts except the slurry pump are involved 
and that construction is relatively simple. 


Operating Procedure 


As pictured in Fig 5, the experimental 
equipment consisted primarily of a collect- 
ing tank for the feed slurry, two slurry 


_ pumps, and the cyclone proper. The system 


is a closed circuit in which both overflow 
and underflow streams discharge into the 
collecting tank and are recirculated by the 
slurry pumps. The slurry pumps when used 
in connection with orifices can supply a 
capacity up to 60 gpm through the cyclone. 

In performing the tests, the slurry is 
introduced into the collecting tank and 
circulated through the cyclone until 
equilibrium conditions are obtained. Time 
samples are collected simultaneously from 
both the overflow and underflow streams. 
Line pressure and character of the dis- 
charges are also noted. The samples are 
analyzed for solid concentration and par- 
ticle size. The feed composition is calcu- 
lated by combining the overflow and under- 
flow streams. 

Particle size above 200-mesh was deter- 
mined by wet screening with U. S. Standard 
screens. The minus 200-mesh fraction was 
analyzed by the hydrometer method. This 
analysis determines the weight percent as 


, a function of the equivalent diameter—the 


diameter of a sphere of the same specific 


gravity and volume settling at the same 
terminal velocity as the particle in question. 
Although this may not correspond to the 
screen diameter, unless the particles are 
spheres, it yields a size which depicts the 
nature of the particle under actual operat- 
ing conditions. Thus it is a very convenient 
test for this application but must be carried 
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out under standard conditions in order to 
give dependable results.1> There are several 
testing variables encountered, and these 
can cause considerable error if sufficient 
care is not exercised. However, tests made 
in the same laboratory will give compara- 
tive results which are quite reliable and 
can be compared with other similar data. 
The experimental procedure consists essen- 
tially of screening out the coarse solids 
(over 200-mesh) and placing a suitable 
amount of the remaining slurry into a 
rooo-ml graduate. A special calibrated 
hydrometer is inserted and readings are 
made at various time intervals while the 
particles settle. From these readings and 
calculations using Stoke’s law, it is possi- 
ble to determine the equivalent particle size 
consist of the slurry. : 


Operating Factors 


Preliminary investigations were con- 
fined to determining the effect of operating 
variables on elimination efficiency. The 
factors examined were type and concentra- 
tion of the underflow stream, slurry con- 
centration, throughput or centrifugal force, 
volume distribution between overflow and 
underflow streams, types of sediment and 
pressure drop through the cyclone. With 
this work completed, conclusions could 
then be applied to the construction and 
operation of full size equipment. 

Type of Underflow Discharge—Initial 
experiments indicated that the underflow 
discharge pattern is extremely important 
in obtaining high elimination efficiency. As 
long as sufficient water is present in the 
underflow a vigorous vortex discharge with 
a high tangential velocity will be main- 
tained. The critical water percentage will 
vary with the size consistency and gravity 
of the solids. With the sediments tested, 
approximately 50 pct by weight or 35 pct 
by volume of bone dry solids yielded the 
usual critical value. If the underflow outlet 
was restricted above this value, solids — 
would issue in a very concentrated form 
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Yancey and Geer appear to have com- 
promised the two conditions by obtaining a 
rotating “sausage” discharge from the 
underflow. By this method, elimination of 


but would retain none of the rotational 
energy of the cyclone. Appreciable quanti- 
ties of the fine solids were then picked up 
by the overflow stream with an accompany- 


TaBLE 10—Effect of Cyclone Overloading on Elimination Efficiency 


Run 11 Run 5 Run 7 
ver- | Under- Over- | Under- Over- | Under- 
Feed aes flow Feed flow flow Feed flow flow 
Inlet Centrifugal Force—Gravities 21 64 124 
Pressure Before Neesie. pale eines ‘ 6 21 52 
Solids— Weight pct. . cA state E3031 was 56.3 II.2 5.7 60.3 9.6] 1.6 62.0 
Solid Rate—lb per hr.. Sie ietoy epee t I,318 |2,420 |1,110 |1,310 |2,670 |390 2,280 
Solid Distribution—pct. . Marco eile 100.0] 14.0 86.0] 100.0 45.9 54.1] 100.0} 14.8 85.2. 
Water Rate—gpm............... 20.0] 18.0 2.0 38.3 a7:5 0.8 50.5] 47.8 2.7 
Volume Distribution—pct........ 100.0} 83.6 16.4] 100.0 92.0 8.0] 100.0] 89.6 10.4 
Solid Distribution by Sizes—pct 
+10 Me an 100.0] 0.4 99.6] 100.0 0.4 99.6] 100.0} 0.0 100.0 
—10 + 20 100.0} 0.6 99.4] 100.0 0.1 99.9] 100.0] 0.2 99.8 
—20 + 40 100.0} 2.1 97.9} 100.0 0.2 99.8] 100.0) 0.4 99.6 
—40 + 60 100.0} 5.3 94.7} 100.0 0.8 99.2} 100.0] 1.2 98.8 
—60 + 100 100.0} 12.6 87.4] 100.0 8.6 QOI.4] 100.0] 2.1 97.9 
—100 + 140. 100.0} 24.5 75.5} 100.0 26.4 73.6) 100.0} 4.8 95.2 
—140-+ 200. 100.0} 38.0 62.0] 100.0 44.0 56.0] 100.0} 20.1 719.9 
— 200. 100.0] 76.0 24.0] 100.0 85.0 15.0} 100.0] 66.0 34.0 
Screen Analysis—pct 
+10M 5.8| 0.2 6.7 1.8 0.1 3.2 3.0], 0.0 kt 
-—10+ Paaa 29.8] 1.4 34.6 10.5 0.1 19.3 20.2) 0.3 3357 
—20 + 40 37530 Ace 3x2 13.8 o.1 25.5 25.9] 0.7 30.4 
—40 + 60 T2.4| 4.7 12.7 8.8 0.2 16.1 T3.4l. 2ee I5.6 
—60 + 100 6.7). 539 6.8 7.6 1.4 12.8 TO. 1) oie 1r.6 
—100 + 140. 2.4] 4.0 Rod 3.6 2.0 4.8 S7l a how 4.2 
—140 + 200. 1.8] 4.8 Tea 3.5 3.8) 3-6 3-4] 4.7 352 
e' FON sleje sisis.ie 13.8] 74.9 3.9 50.4 92.8 14.7 20.3] 90.6 8.1 
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ing loss of elimination efficiency. This 
condition is typically referred to as an 
overloaded cyclone. On the other hand, the 
vortex discharge permitted only a mini- 
mum pick-up of fine solids by the overflow 
stream. The difference in the results be- 
tween the two types of underflow dis- 
charges can be observed in Tables to, 11, 
and 12. Tables 11 and 12 indicate typical 
results obtained with the vortex discharge 
while Table to strikingly illustrates the loss 
in efficiency with the overloaded discharge 
at similar operating conditions. The small 
saving in water to the underflow by the 
overloaded case is more than offset by the 
loss in solids, especially of the minus roo- 
mesh sizes, to the overflow stream. This 
same effect has been noted with gas cy- 
clones wherein elimination efficiency was 
increased by prohibiting solids from build- 
ing up within the unit.®-!6 


1oo-mesh to 200-mesh fractions was only 
slightly decreased, although the minus 
20o-mesh fraction was seriously affected. 
This type of discharge could not be ob- 
tained with the sediments tested probably 
because of the finer size consistency of the 
slurry and the larger diameter cyclone used. 
Yancey and Geer were primarily interested 
in dewatering, however, as opposed to this 
study where elimination efficiency is of pri- 
mary importance. 

Effect of Slurry Concentration—Theo- 
retically, the solid concentration of the 
slurry should have no appreciable effect 
on the elimination obtained by centrifugal 
force. If sufficient force is present, a particle 
should be ejected to the underflow. How- 
ever, as pointed out by Driessen, the par- 
ticle must be eliminated from a suspension 
of higher gravity and viscosity than pure 
water and thus will act as though settling 
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TABLE 11—Effect of Feed Slurry Concentration on Extraction Efficiency 


Run 12 


Feed Overflow | Underflow Feed Overflow | Underflow 


Inlet Centrifugal Force—Gravities. . 
Pressure Before Nozzle—psig....... 


Solids—Weight pct.............-.- : ; 

Bonds Rate—Ib per Hr. veisciens wielsy f : = 2 I eu 

Solid Distribution—pct............. .0 .0 .0 .0 7 : $7 3 

Water Rate—gpml. 22 i. .)5 6s es ue 8 .8 .0 -5 ‘5 4.0 

Volume Distribution—pct.......... .0 = ats .0 i) 26.0 

Solid Distribution by Sizes—pct ; ; 
STAT Oly LCS ELT ay ctoroneust Wier eilsvara oie 2 'sifav a’ .0 0.0 .0 to) .0 100.0 
I WE Sg 1; ae ee ee eee .0 0.0 .0 (0) .0 100.0 
OAD wasfis aiacsne vues ciated sero ane -0 0.0 xe) ° .0 100.0 
E—AOr=F- OO Ges tts cot yee hae seeds x) 0.1 .9 (0) “2 99.8 
RMD t= OO e, ciao cas. id suet <<, Fniae=) .0 r.3 ey; ° 3 98.7 
SPLOT TDA vices soca ils acess «1 Wie, bs .0 Ant «8 to) 8 97.2 
BRAK 1320 Oley hale trial oeievetele. aril sis cue .0 4.2 .8 (3) 4 96.6 
maSOOIN Epo aise ns thei aden t Wistiaue Giese 

Screen Analysis of Streams—pct 
STAR LES sickest ets 2 wi aiie e waste y's 3 er Re 0.0 8 .8 0.0 4.4 
LONER Oye nierentitiim aie iectblesd: ereletoraie aS 0.0 4 z0 0.0 27s 
Ras Cem” AOS fe sis. oisieele le ialeteie = siete el ® me) 0.0 oy .5 0.0 23.5 
S22 OS Ca ers om eee ionic rt oie a 0.1 9 -8 0.2 14.6 
VO Gat EE OO ten rata crete) svg pere) ac oy aur’ ah .0 0.8 BY SY 0.8 8.7 
PEO EAs ne sicis te pb geminls S flew Ay 0.6 +2 nee 0.7 Zot 
SAO Mt DOOR el auc ieee iwicis: ote ses » “2 0.9 .6 NF, 0.7 3.0 
OCS Ry aie Ee oe EER .0 7.6 .0 “4 97.6 10.3 


IMierOmS. 350. ite eee sm wins ete 
50 pct Elimination Particle Size— 
BVIECTOTIGE minke to caruris cle eketers sissies yeie 2, 
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TaBLE 12—Effect of Centrifugal Force and Volume Distribution on Coarse Size Extraction 
Efficiency 


Run 16 Run 10 


Over- | Under- Over- | Under- 
Feed | ‘Gow flow flow flow 


Inlet Centrifugal Force—Gravities. . 


Pressure Before Nozzle—psig......- 
Solids—pct By Weight...........-- .6 .9 .9 0.8 43:6 
Solids Rate—lb per hr..........--- 70 948 
Solids Distribution—pct..........- oF} sul ae) 6.6 93-4 
Water Rate—gpm.. Ns ates .2 -9 .8 17.5 2.5 
Water Distribution—pct. . ah et ee 4 <2 38 87.8 12.2 
Volume Distribution—pct. . ee .9 a7, 43 83.2 16.8 
Solid Distribution by Sizes—pct 
ATO Mesh®. 0). es oe ee .o| 0.0 .0 .o| 0.0 .0 0.0 | 100.0 
—10+ 20.... SO; 0x0 .0 oO] 0.0 .0 0.0 | 100.0 
—20 + 40 .O| 0.0 0) -o] 0.0 .0 0.0 | 100.0 
—40 + 60 : oO] 0.2 8 .O| 0.0 .0 0.2 99.8 
—60 + 100 Ol (0.5 75 .o] 0.2 .8 0.5 99.5 
TOO + TAO... 0550505 sete ees SOL maeai ene -9 -o| 0.7 Bi! 1.6 98.4 
—I40 + 200......-8--- sees oe .O}] 2.0 .0 NOM sD mo) 2.6 97.4 
STN te DAA Sane eto aD le: SRDS CACa I POlas2zic aa .0] 33-4 .6 27.0 73.0 
Screen Analysis—pct 
sto Mesh......---2seseeceee- 0.1} 0.0 An Oo} 0.0 .6 0.0| 2.9 
B= TOL =r Olais ieee lessusis) siiehe nara <Yove 6) S521 O10 -4 HE 91020) 2 0.0 21.0 
—20 + 40 4.0} 0.0 Bes Sl Oe a9 0.0 a7 A 
—40 + 60.....--2 eee cents Oet hp Oo 4 -4] 0.0 ea 0.3 E3ies 
160 4 LOO. ccc csiece sm eet es 6.9] 0.2 ar -7| 0.2 .6 0.7 O63 
TOMS VA On letiincverey-1eceuclee usenet BusienO.2 4.0 sR Oe3 .0 0.9 3.8 
—140 + 200.......--+-+-- oe 3.6] 0.4 ah ib Ond -5 I.2 325 
SANE kd OGG Oa eee DCL oun 56.8] 99.1 str -7| 99.2 ay) 96.9 19.2 
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through a fluid of specific gravity of 1.0 to 
1.3 depending on the nature of the feed 
slurry.?? 

Several runs were made at different 


% OF -140 #200 MESH REPORTING TO OVERFLOW 


x 80°7 
os O 100-130 2 : 
@ 130-160 . L 


50 60  —=«70 80 
% OF TOTAL VOLUME TO OVERFLOW 
fe} ize GRAVITIES INLET CENTRIFUGAL FORCE 


THE CYCLONE AS A THICKENER OF COAL SLURRY 


the square of the tangential velocity and 
inversely proportional to the radius of 
curvature, an increase in the volume 
throughput or inlet tangential velocity 


$0 100 


ae POINT ENCLOSED IN SQUARE REPRESENTS OVERLOADED CONDITION IN EFFECT 


Fic 6—PER CENT OF I40-MESH TO 200-MESH PARTICLES VS. PERCENT OF TOTAL VOLUME REPORTING 
TO THE OVERFLOW. 


slurry concentrations and throughputs, and 
in all cases, little, if any, effect*of solid con- 
tent could be observed. Table 11 is an 
illustration of two such runs and indicates 
that particle elimination within a size 
range remains constant. It was also ob- 
served that relatively wide fluctuation in 
feed slurry concentration did not have as 
pronounced an effect on the underflow con- 
centration unless the cyclone became 
* overloaded. 

Centrifugal Force and Volume Distribu- 
tion—Centrifugal force created in the cy- 
clone is naturally one of the major factors 
in determining the elimination efficiency. 
Since this force is directly proportional to 


should influence centrifugal force. As dis- 
cussed later, the controlling or critical 
centrifugal force does not occur in the 
peripheral ring of the cylindrical section, 
but at a radius well within the cyclone. 
Due to the nature of the flow pattern within 
the cyclone, the critical centrifugal force 
probably does not increase as the square of 
the volume throughput. Nevertheless, it 
does vary with the inlet velocity and ac- 
cordingly a series of tests were performed at 
different throughputs. The inlet centrifugal 
force could easily be calculated for each run 


as the volume rate was divided by the feed 


nozzle cross-sectional area to obtain the 
inlet tangential velocity. Squaring this 


s 


= 
: 


sort Grd i 
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term and dividing by the cylindrical radius 
and the normal force of gravity gave the 
inlet centrifugal force in the unit of number 
of standard gravities. By varying through- 
put, tests were made at inlet centrifugal 
forces between 12 and 156 gravities. 

In performing these tests, volume dis- 
tribution between the overflow and under- 
flow streams was also varied to observe 
whether a low solid weight per cent in the 
underflow stream would not increase the 
elimination efficiency of the cyclone. 

_ The effect of volume distribution and 
centrifugal force on sizes coarser than 200- 
mesh was studied first. Only a small or 


negligible influence of these two variables | 
. could be noticed on this size range. Fig 6 


is a plot of per cent of the 140-mesh to 200- 
mesh particles reporting to the overflow 
against the percent of total volume report- 
ing to the overflow, with points of various 
inlet centrifugal force indicated. It is 
readily apparent that an almost horizontal 
line could be drawn through the indicated 
points with a vortex type discharge showing 
the relative independence of elimination 
efficiency with this size on these two factors. 
Table 12 illustrates this point. Runs made 
at high volume splits to the overflow and 
~ lower inlet centrifugal forces are compared 
with a run made at a high inlet centrifugal 
force and low volume split. The latter ‘case 
should yield the best elimination efficiency 
if these two variables are important. How- 
ever, elimination within a size range was 
practically the same above 200-mesh. 
‘Evidently when sufficient critical cen- 
trifugal force is present to safely eliminate 
more than go pct of a particular size, higher 


ae centrifugal forces and underflow volumes 


will not appreciably increase ejection. It 


- was further noted the plus 200-mesh in the 


overflow was a light gravity particle pos- 
sessing a low ash content. 

In studying the effect of centrifugal force 
and volume distribution on the minus 200- 


_ mesh particles, size analyses by the hy- 
_ drometer method were performed on both 
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underflow and overflow streams. From 
the sedata, particle sizes that were 90 and 
50 pct: rejected to the underflow could be 
determined. The 50 pct size is usually re- 
ferred to as the equilibrium particle size and 
is a convenient measure of the elimination 
efficiency of a cyclone. 

Table 13 is a summary of the two per- 
centage particle sizes arranged in order of 
increasing inlet centrifugal force. Under the 
most efficient operation, 90 pct particle 
elimination size occurred at 20 microns or 
lower, while the equilibrium particle size 
was approximately 11 to 15 microns. ‘This 
separation for the particular application is 
excellent, especially when one compares the 
operating ease and costs, extremely short 
retention time, small area, and simplicity 
with that of the conventional thickener. 

It is readily apparent from Table 13 that 
increasing the inlet centrifugal force was 
accompanied by a lesser decrease in the 
equilibrium particle size. To explain this 
seemingly contradictory phenomenon, it 
will be necessary to discuss the fundamental 
flow pattern and theory of the cyclone. 


TABLE 13—Effect of Centrifugal Force and 
Volume Distribution on Particle Size 


Extraction 
Particle Size 
, Volume Elimination 
Run onteiseal Distribu- Efficiency 
No Gravities Poaeee 
90 Pct | 50 Pct 


Microns| Microns 
25 


Experiments have proved that two con- 
centric spirals exist in the cyclone. The 
outer spiral moves toward the apex of the 
cone while the inner spiral travels upward 
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to the overflow. In addition, fluid is moving 
radially inward to the inner spiral. Thus, 
centrifugal force created in the inner spiral 
must be sufficient to impart a settling 
velocity greater than the rate of fluid 
movement into this spiral if a particular 
particle is to be eliminated. 

As the critical centrifugal force developed 
in the inner spiral is a function of its 
tangential velocity as well as the radius, 
studies are to be made on the cyclone flow 
pattern to determine these variables. Very 
thorough research has been conducted on 
gas cyclones in this connection, and un- 
doubtedly much of the theory can be ap- 
plied to the use of liquids. 

With gases, tangential velocity distribu- 
tion has been defined as a function of the 
distance from the cyclone center line by the 
following expression :1&18 


Vi = k/rn* [x] 


For a perfectly frictionless rotating 
fluid, angular momentum would be con- 
served and the exponent 7 would equal tr. 
However, frictional forces in real fluids will 
tend to reduce velocity differentials be- 
tween adjacent layers. Thus, a highly 
viscous fluid could conceivably rotate at a 
constant angular velocity with an exponent 
n of —1. For gases, m has been found to 
vary from o.5 to 0.7, with the former value 
generally accepted. No values are available 
for water, but they probably lie between 
0.2 and o.5. 

The outer radius of the inner spiral again 
has not been measured for liquids but for 
gases it is known to be roughly equal to the 
radius of the overflow duct. However, 
maximum tangential velocity does occur at 
a point within the inner spiral. 

With the above discussion in mind, the 
equation for Stoke’s law may be used to 
define the movement of particles from 10 
to 30 microns. ?:18 


* Nomenclature indicated at the end of the 
discussion, 
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(ps — p)gD? 
ta 
18yu 


[2] 


It is only necessary to substitute for the — 
acceleration of gravity g, the centrifugal 


force V;?/r;. Thus. 


(ps — p)V:*D? 
0 eo eRe 
18ur; 


and for a particle to be eliminated, « must 
be greater than the radial influx of fluid to 
the inner spiral. 

In actual practice there are several 
factors which become more pronounced 
in preventing lower size elimination as 
throughput or inlet centrifugal force is 


[3] 


‘increased. With gases, it has been observed — 


that as inlet velocity increases, the expo- — 


nent remains fairly constant. However, 
the radius within the spiral where tan- 
gential velocity is equal to inlet velocity 
steadily moves inward. Therefore, maxi- 
mum V;, will approach a limiting value and 
thus prevent further increases in the inner 
critical centrifugal force. Undoubtedly this 
also occurs with liquids. Secondly, as 
throughput rises, the velocity of fluid mov- 
ing into the inner spiral (or ~) must in- 
crease. Consequently the phenomenon 


exhibited in Table 13 does not appear 


inconsistent. 

As a final statement in this connection, it 
has been found that increasing cyclone 
diameter generally increases the equilib- 
rium particle size with gases. The effect is 


not serious though, and it is believed that — 


similar conditions will be experienced for 
liquids. 

No definite conclusion can be made on 
the effect of volume distribution on size 
elimination with the present data. There 
seems to be a small tendency to decrease 
the particle size eliminated with increasing 
volume splits to the underflow. This can be 
largely explained by the greater amounts of 
water diverted to the underflow which will 


carry the very fine particles in suspension. © 


On the positive side, it may be stated that 


- 


Si ON OSS 


+ 


: 
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low volume splits to the underflow with 
consequent high solid concentrations does 
not seriously injure particle size elimination 
as long as a vortex discharge is in effect. 
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gravity, unless it is unduly oily, will have 
no effect on the equivalent diameter of 
separation. 

Pressure Drop in the Cyclone—Cyclone 


TABLE 14—Effect of Clay and Silt on Elimination Efficiency 


Run 24 Run 28 


Clay Sediment Inclusions 


Silt Sediment Inclusions 


Feed | Overflow | Underflow}| Feed Overflow | Underflow 
Inlet Centrifugal Force—Gravities......... I44 146 
Pressure Before Nozzle—psig.............. 52 52 
Solids— Weight pct.........--+.+.+5----- 9.18 .08 | 63.7 6.85 I.85 41.5 
Solids Rate—1b per hr.........-----22-0- 1,416 1,344 2,070 490 4,580 
Solid Distribution—pct. . to) Sr 48.7 100.0 23.6 76.4 
Water Rate—gpm.........-......4-- Bs atts ae 53.0 rs 56.2 51.6 4.6 
Volume Distribution—pct................ 100.0 04.6 a7 100.0 89.7 10.3 
yo - eee erecies 
ct of Total Soli SAN OCEESU. are cce ev +s 67.5 99.0 a 0.6 aE 22 
Distribution by Streams—pct of Total oe ss a ul 
SERS Raha cee an on Ate aoe s 100.0 Tet 24.7 100.0 Bie 42.5 
50 pct Elimination Particle size—Microns. 10.0 II.0 
Pct of Fraction Finer than the 50 pct Size. 15-4 97.5 7.6 45.9 91.0 4.2 


Effect of Variation in Sediments—As all 
previous runs had been made with silt bear- 
ing ‘sediments, it was necessary to prove 
results on other materials. Accordingly, 
tests were performed on the overflow 
water from the fine coal settling cone of the 
Northern Illinois Coal Corporation at Wil- 


mington, Ill. The minus 200-mesh fraction. 
of these solids is largely clay and therefore, 


of a much finer nature. Results of two 
representative comparative tests are given 
in Table 14. It will be noted that equilib- 
rium particle size for the two sediments is 
approximately the same. The poorer 
separation of the total minus 200-mesh 
fraction with the clay sediments can be 
attributed to the larger content in the feed 
of material finer than the equilibrium par- 
ticle size. 

All the minus 200-mesh fractions tested 
had approximately the same specific gravi- 
ties of 2.3. Therefore no comment can be 
made on the effect of particle gravity other 
than that the equilibrium particle size will 
undoubtedly decrease as specific gravity 
increases. It is safe to conclude, however, 
that the nature of the particle other than 


friction loss and not pressure drop is the 
measure of the static pressure and power 
a pump must develop in operating the cy- 
clone. If the relatively small amount of 
slurry issuing from the underflow is ne- 
glected, Bernoulli’s equation may be 
applied between the inlet to the cyclone 
and the overflow discharge. 


[4] 


Thus it is apparent that the cyclone fric- 
tion loss is overcome by the entering kinetic 
energy as well as the pressure head. Un- 
doubtedly this is the reason for the wide 
discrepancies obtained by attempting to 
relate pressure drop alone as a constant 
multiple of the inlet velocity head. 

Friction loss in the cyclone consists 
largely of loss of kinetic energy of rotation 
in the inner spiral as wall friction is prob- 
ably of little importance. The kinetic 
energy loss will be a function of the flow 
pattern within the cyclone which in turn 
is influenced by the inlet velocity, cyclone 
proportions, and inlet and overflow dimen- 
sions. In studies on gas cyclones, a theo- 
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retical equation for cyclone friction loss in 
number of entrance velocity heads was 
derived, assuming the velocity distribution 
exponent to be o.5.° 


Ta 
1 0% a 


F,! = [s] 


The x values were believed to be a func- 
tion of the thickness and height of the 
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data, 
Bernoulli’s theorem and appropriate fric- 
tion loss equations the inlet cyclone pres- 
sure and velocity head, friction drop in the 
exit duct and outlet velocity head. Thus, 
the calculated frictional loss in the cyclone 
proper could be isolated by Eq 4 and ex- 


it was possible to calculate by — 


pressed as the number of entrance velocity — 


heads. The value of K was then easily 


TaBLE 15—Cyclone Friction Loss Data 


Gpm Pressure, Psig ag Minter ears 
Cyclone Inlet 
Run ees teed ee b2/e2 K = Fee?/c? 
Over . Calculated eet of Flui Feet of os 
Feed Line . Veloc. 
Flow _| Cyclone Fluid Weade 
Water Only 
51 64.9 64.0 Sz 39.3 26.6 II4.1 4.30 0.247 F744 
52 56.9 56.4 40 31.1 20.4 90.8 4.40 0.247 17.8 
53 47.9 47.2 30 23.7 14.5 68.2 4.70 0.247 19.0 
54 40.1 39.7 21 16.6 10.2 47.3 4.65 0.247 18.8 
55 39.4 39.2 17.8 E365 9.85 40.8 4.14 0.247 16.8 
PPOPARO So o0 yo 0.5 se. ik ahereaesdntla a 1b'k pi apiSakmonaus: a B¥ aha; oars ‘arse BiG Neh Saebe lata abides KAN AeS Sei RCNSIR natant ae 18.0 
s Slurries 
27 34.5 29.4 16 12.6 FSS 35.8 4.75 0.247 19.2 
28 58.1 52.3 52 44.3 at.5 tivro 5.19 0.247 21.0 
100 64.0 61.1 57 45.3 25.9 124.4 4.81 0.247 19.5 
IOI 61.9 58.6 56 44.8 24.2 119.7 4.94 0.247 20.0 
102 65.0 60.6 590 46.9 26.7 128.2 4.81 0.247 19.5 
103 49.9 48.5 35 27.6 15.8 74.0 4.70 0.247 19.0 
104 | 65.1 60.1 57 45.4 25.9 124.0 4.79 0.247 19.4 
VOLO SZC is wis icidle'siere'.o1g'~ dsave dims ahelatn g's are'are © averose 0,5, ciiare- eh aneyeilv lay Oteeeteie era ae ne anc nee 19.6 


inlet stream and the overflow diameter and 
tests were made to substantiate the as- 
sumption. An excellent empirical correla- 
tion was obtained and could be stated: 


[6] 


The value of K was found to be a func- 
tion of cyclone proportions and for the 
general case equaled 16.1" 

Due to the difficulty of omic a 
theoretical friction loss equation for liq- 
uids until r values are determined, a direct 
empirical correlation similar to the above 
equation was attempted. Initially, water 
alone was used in order to reduce the num- 
ber of variables. From rate and line pressure 


obtained by dividing the friction loss by 
the ratio of the squares of the nozzle inlet 
and overflow diameters. Results given in 
Table 15 indicate a consistent K value and 
friction loss as a direct function of the 
square of the inlet velocity. With higher 
volume splits to the underflow, K values 
were somewhat larger. However, this was 
largely caused by the inability to assign a 
rotational kinetic energy value to the 
underflow stream. 

To observe the effect of solids on the K 
value, a number of slurry runs was made 
with the results as shown in Table 15. A 
maximum increase of 15 pct with an 
average of 8.9 pct was experienced indicat- 


a la ik i tact cette RG ott th LAL Ot Di, aim a? + A 
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ing that a relatively small correction factor 
for slurries will be necessary. 

.The above runs were made in one cyclone 
with fixed proportions and inlet and over- 
flow diameters. Undoubtedly the final 
equation for friction loss will also be a 
function of cyclone slope and diameter with 
possibly different exponents for the inlet 
and overflow dimensions. Accordingly, a 


-cyclone is now being constructed which 


will permit the complete analysis of this 
important operational factor. 

The authors do not claim that the K 
value as determined in this report can be 
applied without error. However, it will at 
least give a reasonable approximation for 
cyclones of the same included angle until 
the exact equation can be determined. By 
this method, the following steps should be 
employed in calculating the line pressure 
necessary to operate a particular cyclone 
at any throughput: 

1. Calculate the cyclone friction loss by 
the formula, 


and convert to feet of fluid. A suggested 
value for K is 19.6. 

2.’Determine the friction losses of the 
inlet nozzle and exit ducts by appropriate 
equations. 2 

3. The line pressure at the nozzle in feet 
of fluid will then be equal to the sum of 
items 1 and 2 plus the cyclone exit velocity 
and minus the line velocity head. 


. Cyclone A pplication 


From the preceding discussion, several 
proposals can be advanced concerning the 
design and operation of the cyclone. 

Of prime importance is the practicability 


‘ of using the cyclone for elimination of solid 


particles of sufficient size from water as 
well as for the preliminary dewatering of 
fine coal. It has been proven that a high 
elimination efficiency is maintained down 


a ~ to particles of about 12 microns equivalent 
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diam for silt and clay sediments with the 
test cyclone. According to Stoke’s law, 
coal of 1.4 gravity compared with that of 
silt of 2.3 could be eliminated with the same 
efficiency down to approximately: 


(2.3 — 1.0) 


= 21.6 microns 
(1.4 — 1.0) 


TaN 
Thus, if an industry, such as in coal 
beneficiation or mining, can tolerate par- 
ticles of this size in the re-cycle water, the 
cyclone offers a very inexpensive solution 
to a troublesome problem. Capacity of the 
7-in. cyclone used in these studies was 
about 40 gpm at 20 psi pressure. This 
corresponds to 150 gal per sq ft of area per 
min. which is about 150 times that of the 
conventional thickener operating at the 
same efficiency. 

From experiments conducted in these 
studies, it was ascertained that an increase 
in throughput did not assert an accompany- 
ing increase in centrifugal force and elimin- 
ation efficiency after an inlet velocity of 
approximately 20 fps was attained. This 
predicates the possibility of using larger 
inlet nozzles with a corresponding increase 
in throughput. A second advantage of such 
an installation would be the reduction in 
frictional loss of the cyclone at similar 
throughputs as this factor is proportional 
to the inlet velocity head. Consequently, it 
might be possible that the same elimination 
efficiency could be maintained at a lower 
operating cost. Probably the best method of 
determining this economic balance is to 
design the cyclone to take easily changed 
insert nozzles and overflow ducts as well as 
underflow nozzles. Thus, by simple initial 
tests the correct diameters for optimum 
operation can be ascertained. The system 
also lends itself to maintenance problems 
as these three points offer the greatest 
abrasion wear. It will be a simple matter to 
install the proper insert when necessary. 

For the cleaning of process water, it is 
recommended the cyclone be operated with 
a high solid concentration of 40 to 50 pet 
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by weight in the underflow which will 
safely furnish a vortex discharge. By this 
method, the greatest amount of clean water 
will be returned and the cyclone will possess 
almost maximum elimination efficiency at 
the operating pressure. 

If operating costs are very critical, a 
gravity head of 20 to 30 ft available in 
many coal washing plants could be utilized 
to service a cyclone. In order to obtain 
sufficient capacity, the sizes of nozzle inlet 
diameter and overflow diameter would have 
to be increased over that used in these 
studies. Although efficiency will be affected 
due to the smaller inlet velocity head and 
larger diameter cyclone, the 50 pct equilib- 
rium particle size should be well below 
200-mesh. 


Summary 


The report is a summation of the work 
on the cyclone completed to date at North- 
western University. The study was con- 
’ cerned primarily with the efficiency of 
elimination of solids although much of the 
theory can be employed in other applica- 
tions. Results indicate the cyclone offers a 
very inexpensive solution to the problem 
of sufficiently cleaning up wash water for 
re-use. Silt and clay particles with an 
average specific gravity of 2.3 could be 
eliminated down to an equilibrium particle 
size of 10-15 microns with a 7-in. cyclone. 
Larger industrial cyclones will exhibit a 
somewhat lesser efficiency. 

The effects of slurry concentration, type 
of underflow discharge, volume distribu- 
tion, throughput, and nature of sediments 
were observed and interpreted for operating 
conditions. The importance of frictional 
loss in the cyclone was advanced as the 
true measure of pump requirements and a 
temporary empirical equation originally 
applied to gases for estimating this value 
was derived from these studies. Work is 
now in progress to clearly define all factors 
affecting this important operating variable. 
Applications of the cyclone are discussed 
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and the advantages of low cost, high 
capacity, ease of operation, and simplicity 
are emphasized. 
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Nomenclature 


Unless otherwise noted, any consistent 
system of units may be employed; the 
English system is given by way of example. 

b = width of gas cyclone entrance, feet 

c = cyclone inlet nozzle diameter, feet 

D = diameter of particle, feet 

e = cyclone overflow exit diameter, feet 

F, = cyclone friction loss, feet of fluid 
flowing 

F,' = cyclone friction loss, number of cy- 
clone inlet velocity heads 

F, = other friction losses, feet of «fluid 
flowing 

g = acceleration due to gravity, 32.2 ft 

per sec? 

h = height of gas cyclone entrance, feet 

k = constant of velocity distribution de- 

fined by V; = k/r,” 
AP = pressure drop, psi 
ra = radius at which the spiral velocity 
V; is equal to the entrance velocity 
V, feet “ 
ra = inner radius of inner spiral, feet 
r; = distance from cyclone centerline, feet 
ro = distance from cyclone centerline to 
inner, edge of outer spiral in cyclone, 
feet 
= settling velocity of particle, fps 
average lineal velocity of fluid stream 
at cyclone entrance, fps ' 


Nes 
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= 
I 


rotational velocity of fluid stream at 
a radius r;, fps 
V. = cyclone exit velocity, fps 

p = density of fluid, lb per ft 

ps = density of solid, lb per ft? 

bw = viscosity, lb per ft-sec 
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H. F. Yancey and M. R. GEER (authors’ 
reply)—The experimental results presented 
by Messrs. Dahlstrom and Maeser are 


gratifying to the authors because they con- 
firm the general performance characteris- 


If. 
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tics established for the cyclone. The only 
significant feature in which their results 
differ from our own is their inability to ob- 
tain a sausage-type underflow. This should 
be attributed to the design of the cyclone 
overflow rather than to the particle size 
of the slurry tested as they suggest. In 
fact, all of the slurries they tested are with- 
in the size range amenable to sausage-under- 
flow operation, Early in our own work an 
attempt to eliminate the overflow chamber 
of the cyclone by attaching a U-shaped 
pipe directly to the overflow orifice—the 
design adopted by Dahlstrom and Maeser 
—proved unsatisfactory for sausage-under- 
flow operation and therefore was aban- 
doned; such a design is entirely suitable for 
vortex-underflow operation, however. The 
question of whether a sausage-type under- 
flow should be used depends entirely upon 
the cyclone performance desired; the 
sausage-type underflow provides virtually 
complete recovery in the underflow product 
of all solids coarser than 200-mesh but 
eliminates so to 75 pct of the finer solids, 
with the overflow water, and at the same 
time provides the driest underflow obtain- 
able. Vortex-underflow operation, on the 
other hand, provides maximum recovery 
of solids of all sizes but yields a substan- 
tially wetter product. 

The term ‘elimination particle size” 
employed by Dahlstrom and Maeser pro- 
vides a convenient, concise means of 
characterizing the particle size at which the 
cyclone effects a separation. However, these 
figures must be regarded as only approxi- 
mate, for the difficulties involved in meas- 
uring size distribution in the subsieve range 
are much too great to warrant complete 
confidence in data obtained by merely ob- 
serving the change in density of a settling 


suspension. 


The Operation of a Froth Flotation Plant on Washery-water Solids 


By W. J. Parron* anp C. D. Rusert,t MemBers AIME 
(New York Meeting, March 1947) 


A FLOTATION plant was placed in opera- 
tion in 1945 at the Tamaqua colliery 
of the Lehigh Navigation Coal Co. Inc., 
to recover fine anthracite which is dis- 
charged from the cleaning plant with the 
washery water.{ In addition to the recovery 
plant, facilities were provided for the 
complete clarification of the washery 
water, recirculation of this clarified water 
for breaker use, and disposal of the refuse 
solids in a waste impounding dam. Fig 1 
shows a view of the settling tanks and 
the flotation plant. 


FLow DIAGRAM 


The flow diagram for the complete 
recovery project is given in Fig 2. All 
the waste water from the cleaning plant 
is collected in a sump A outside the 
breaker structure, from which a 7000 gpm 
pump 8B delivers it through a 16 in. line 
to a 75-ft diam hydroseparator C. The 
hydroseparator, acting as a classifier, 
is set to give a separation at approxi- 
mately 200-mesh. The minus 200-mesh 
overflow is discharged by gravity into 
the 180-ft thickener D for final settling 
of the solids. The classifier underflow 
sludge is pumped to the flotation plant 
by a 6-in. quadruplex diaphragm pump E. 
A to-ft diam hydroseparator F is used 
to make a second classification on the 


Manuscript received at the office of the 
Institute Nov. 18, 1946. Issued as TP 21099 in 
Coat TECHNOLOGY, May 1947. 

*Production Planning Engineer, Lehigh 
Navigation Coal Co., Inc., Lansford, Pa. 

tT Assistant to General Manager, Lehigh 
Navigation Coal Co., Inc., Lansford, Pa. 

ft A paper by the same authors on the pilot 
plant which preceded this plant appears in the 
Transactions AIME (1944) 157, 182-101. 
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sludge solids at approximately 28-mesh. 
The underflow from this classifier con- 
taining the coarse particles is elevated 
by a 6-in. diaphragm pump G and is dis- 
charged on two 4- by 6-ft vibrating screens 
H. These screens are dressed with ap- 
proximately 28-mesh cloth. Screen oversize 
product flows directly to the centrifuge 
that dewaters the cleaned froth. The screen 
underflow and the overflow from the 
10-ft classifier flow to the flotation circuit. 

The flotation feed is conditioned in a 
12 by 12-ft agitator tank J at a pulp 
density of 1: 2.33 (30 pct solids). Reagents 
are fed to the circuit by reagent feeder J. 
The conditioned pulp is then diluted to a 
pulp density of approximately 1:5 (18 pet 
solids) and is fed to two banks of four 
1oo-cu ft froth flotation cells K for primary 
coal recovery and cleaning. Additional re- 
agents from reagent distributor Z are added 
to the feed weir-box of Nos. 2, 3, and 4 
cells of each bank of flotation machines. 
Clean coal removed from these cells flows 
directly to the clean-coal sump. Dilute 
tailings from the primary cells is re- 
thickened in a 30-ft diam thickener M 
and is then retreated in a scavenger circuit 
for final recovery of coal. The scavenger 


circuit consists of a 6- by 6-ft agitator tank — 


N and two banks of four 24-cu ft froth 
flotation cells O. Coal froth from these 
cells flows to the dewatering equipment and 
the tailings flows to a vertical refuse pump 
which delivers it to the 180-ft diam waste 
thickener D. Dewatering of the coal prod- 
ucts is accomplished in a 54- by 72-in Bird 
centrifugal filter P. The cake product is 
dropped onto a conveyor and is loaded 
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directly into cars until the installation of a 
1114- by 60-ft indirect-direct rotary heat 
drier Q can be made to further dewater 
this product. The effluent from the centri- 
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maximum line. Extra-heavy centrifugal 
cast pipe will be used to replace this pipe 
line when it is worn out in an attempt to 
obtain better service. 


Fic 1—WASH-WATER CLARIFICATION AND FINE COAL RECOVERY PROJECT AT TAMAQUA COLLIERY 
or THE LeHIGH NaviGATION Coat Company, INc. 


fuge and the overflow from the plant 30-ft 
thickener are pumped to the conditioner 
tanks for dilution water. The clarified 
water from the 180-ft diam waste thickener 
is delivered to the breaker for re-use by a 
sooo-gal pump R. 

The thickened waste underflow solids 
are delivered to an impounding dam S 
by an 800-gpm sludge pump 7. 


PLANT OPERATION 


Pumping and Hydroclassification 


The waste water from the cleaning 
plant at the breaker is collected in a ro- by 
12- by o-ft deep sump. The top of the 
sump is covered with screen segments 
having 9%¢-in. round-hole openings to 
screen out trash and oversize. A double- 
intake volute 7ooo-gpm pump equipped 


with machinable chrome wearing rings 


takes the water under a positive head 
from this sump and delivers it through a 
16-in diam line to the 75-ft hydroseparator. 


Although a high velocity of 11.5 fps is 


carried in this line, considerable material 
moves along the bottom of the pipe and 
causes a large amount of wear. The line 


will be turned several times to obtain 


The 75-ft diam hydroseparator was 
constructed with a concrete bottom and 
wood stave-sides. The raking mechanism 
is suspended from the drive gear by two 
hangers, which protect the mechanism ~ 
from severe overloads by raising the 
rakes when the torque on the mecha- 
nism is too great. In addition to this 
mechanism, a motorized rake-lifting device 
with push-button control in the plant 
was installed to iron out surges in the 
feed to the plant. The rakes can be rotated 
at 14, 24 or 1 rpm by use of different 
sheave combinations. Normal speed is 
34 rpm or 157 fpm peripheral speed. 
Hydraulic water can also be used in the 
washing cone of the classifier to control | 
the classification desired. During normal 
operation, cone wash water is not needed. 
Operating data for the hydroseparator are 
given in Table 1. 

Recovery of the solids from the washery 
water and concurrent elimination of the 
finest particles of highest ash content 
with the overflow are accomplished in 
this classifier. The tank was designed to 
give sufficient upward current to overflow 
the colloidal clays with a minimum loss 
of plus 200-mesh coal. Data in Table 1 
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TABLE 1—Classifier Operating Data 


Hydroseparator Operation (75 ft diam) 


Hydro |} Under-} Over- 

Fee flow flow 
Gallons per minute....... 7,000 560 | 6,440 
WOLOSHOCE 4. clsteereiaiece one nels 5-3 35.0 I.9 
Solids, tons per hour......| 91.0 60.0 31.0 
RECO VELY 5, DCU ere 14/0 a. erenencl on 100.0 67.0 33.0 
INGE BDOUG eda c pauate A otele ta 32.3 25.4 42.9 

Screen Analysis, Pct Wt. 

+10 Mesh 0.2 0.2 fo) 
+14 Mesh 0.2 0.3 (0) 
+20 Mesh 2.4 2.0 te) 
+28 Mes 4.6 5.0 fo) 
+35 Mesh 7.6 10.0 0.2 
+48 Mesh. 9.4 14.5 0.2 
+65 Mesh 9.6 I5.0 0.2 
SL EOO MME EGI 0, so ote ae fase ans ce 10.8 19.5 0.2 
2H) UNE Re GOA ere nae 8.6 14.5 0.4 
+200 Mesh 710 9.0 1.8 
+270 Mesh 2.6 4.0 2.0 
—270 Mesh 37.0 6.0 95.0 


indicate that 85 pct of the minus 200-mesh 
particles were eliminated in the classifier 
overflow while only a small percentage of 
plus 200-mesh coal is lost. 


Oversize Classification 


Experience in the flotation of anthracite 
sludges indicates that the presence of 
plus 35- or 28-mesh particles in sufficient 
percentages has a tendency to deaden 
the froth and retard the recovery of clean 
coal. The coarser particles are the last 
ones to float, and as a result, retention 


time in the flotation circuit must be 


prolonged to make satisfactory recoveries. 
In order to improve the general flotation 
conditions and recoveries, a 1o-ft diam 
hydraulic classifier is used to make a 
density classification on the sludge under- 
flow from the 75-ft hydroseparator. Opera- 
tion of this classifier is controlled to 
maintain as high a percentage of solids 
as possible in the overflow, since this 
product flows directly to the 12-{t con- 
ditioner where too dilute pulp conditions 
are not desirable. The combination agitator 
and rake mechanism in the classifier is 
rotated at 4 rpm. Approximately roo gpm 
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of hydraulic water is used in the underflow 
washing cone. ; 

The coarse underflow product is dis- 
charged through a 6-in. diaphragm pump 
to provide positive regulation of the 
underflow and to re-elevate this material 
so that it can be passed over two 4- by 
6-ft vibrating screens. Much of the high-ash 
fine material that settles with the coarser 
particles is removed with the underflow 
of these screens. Ton-Cap and Ty-Rod 
stainless steel screens with openings of 
approximately o0.02-in. width are used _ 
with good results. Operating data showing 
the performance of the . classifier and 
screens are given in Table 2. These data 
show that approximately three fourths 
of the sludge solids were removed with 
the overflow of the classifier, whereas 
one fourth of the solids carrying most of 
the coarse particles were discharged with 
the classifier underflow. Most efficient 
screening of this underflow product was 
not possible, since a limited amount of 
spray water was used to prevent over- 
dilution of the underflow discharged into 
the conditioner tank ahead of the cells. 

Cleaning this coarser fraction by tables 
or spiral separators would undoubtedly 
be an improvement over the screens. 
A cleaner oversize product would be 
produced and the high-ash fines would be 
eliminated with the cleaner refuse instead 
of being discharged into the flotation 
circuit. The removal of the pyrites accom- 
panying these high-ash fine particles 
would be particularily desirable since 
these pyrites become oiled and tend to 
float with the coal. In order to reduce the 
ash content of the 10-ft classifier underflow 
(particularly in the coarser sizes) without 
the use of extra cleaning equipment, a 
somewhat unique classifier was designed 
and installed ahead of the two screens 
as shown in Fig 3. The classifier is of the 
surface current type, consisting of a feed 
plate A, upper sorting chamber B, and 
the lower or tester column C. Hydraulic 
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TABLE 2—Operation of 10-Foot Classifier and Two 4 by 6-Foot Screens’ 


: : Classifier Ss 
Classifier Classifier derfl Screen creen 
Feed Overflow Ae od Sh Oversize Undersize 
Gallons per minute............ 560 540 140 
Solids tpet eds Jonze cts wre 34.8 28.6 32.0 ve : 
Solids, tons per hour........... 58.7 45.0 5357 : “9 
Recovery pects. ob.caiee hes ot s 100.0 76.6 23-4 11.6 2 
NS Male p act bso pot sees Sac ge 29.7 27.3 34.3 4.0 43. : 
Screen and Fractional Ash Analyses ‘ 
+ 
Retained on : 
+ Mésh do nfag.) ais a0) 0.0 Orr 0.6 
+ 10 Mesh......... 0.4 Sie 0.0 1.6 12.6 3.0 15:7 
+ 14 Mesh.. 0.4 : 0.0 22 4.0 aee a : 
irre 2°54] x42] LO} xo. | 19:24) 16.44] 29-41] 17.0 | 9:8f| 189 
* ; 16. 21,1 te, 8.6 
rs 33 Meee ~ eit 2053 aS 13.5 oat aSed eatet 25-7 20:4} 2 t 
PAM Pod Bee ope eet 14.2 I5.0 at 6.9 20.4 
Meee Mash! ray eae, 20.4 BOE a rateig 58.0 3.9 59-9 | 21.0 ; 
f ? 1.2 IT. t 
sO pa “| F3§ 34.5| 'S:t}) 34-1] S24] s7-s| 9°8}| 50-2] 7577 ¢| 50.6 am 
—200 Mesh.. oro 1) 5.682650. 46.7 2.2 51.8 0.5 46.2 5.0 { 
Tons per hr +28 Mesh. . 5.63 I.50 3.8 3.6 0.2 : 
Recovery of +28-Mesh ‘Ma- 4 
Towing PCC, cb uss ck eerie ..|100.0 28.3 71.6 68.0 3.6 ; 


water is introduced at the bottom of the 
teeter column by diffusing it through a 
perforated screen. A stem-type valve is 
used to control the discharge of refuse or 


TABLE 3—T ypical Under flow Ems 


OIG, PII ie o's ane ne nates 
BOGS, MCE og kerio a Mate later Rye pa 
FLGHS. DELMOMT Gs esa ous ee gs tenets Tox 
AEhapetinrca «x's to hon dete 58.41 
Size Analysis, Mesh Wt, Pct Ash, Pct 
ot: : 0.9 
= 1.3 
+ 10 4.2 48.34 
is 14 7.6 
20 23.4 
+ 28 18.8 } 66.65 
85 14.8 
+ 48 12.5 63.3 
05 4 
+100 5.4 | ee 
+150 rey 
+200 0.6 67.0 
— 200 0.4 57.5 
100.0 


‘ classified oversize from the bottom of the 
teeter column. The classifier was originally 
designed with a float mechanism to 
automatically control the position of the 


stem or plumb-bob valve. However, a 
simpler and very effective control was 
found by using the cam action of the 
diaphragm pump. A chain was attached 
from the cam through pulleys to the 
top of the valve stem so that the valve 
was raised and lowered 45 times per 
minute. The degree of opening of the 
valve on each stroke is controlled by the 
amount of slack in the chain. This type 
of classifier shows promise for use in 
preparing classified feed for concentrating 
tables. When used for removal of high- 
ash particles, a typical underflow sample 
is as shown in Table 3. 

In the operation of the classifier, primary 
stratification takes place according to 
size and gravity as the pulp flows over 
the feed sole or plate. The partially 
stratified particles enter the upper sorting 
chamber, which sloughs off the lightest 
and finest particles. Final separation 


on the particles that settle in the upper 


chamber is accomplished in the teeter 
column. 
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Flotation Circuit 
After the oversize particles are removed 
by the classification circuit, the plant 
feed sludge is delivered to a r12-ft diam 
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reduce the proportion of solids in the 
pulp to approximately 20 pct by weight. 
The pulp is then divided into the two 
banks of No. 30 Denver Sub-A flotation 


CHAIN TO DIAPHRAGM PUMP 
DRIVE CAM 


VALVE STEM 


CHAIN WEIGHT 


——*~OVvERFLOYY 


%," PIPE -STEM GUIDE 


TEETER COLUMN 


STEM GUIOE 


PERFORATEO PLATE 


HYORAULIC WATER 


REJECT OR OVERS/ZE 


Fic 3—OVERSIZE CLASSIFIER. 


by 12-ft high agitator tank where part 
of the collector and frothing reagents are 


added. Approximately 1314 min. retention 


time is provided in this tank for thorough 
conditioning of the oils with the sludge. 
A 36-in. diam propeller is rotated at 185 
rpm to produce the necessary agitation. 
A sand relief pipe in this tank was con- 
verted into an air-lift to maké possible 
more positive removal of the particles 
that tended to settle and build up on the 
bottom of the tank. 

The conditioned sludge is discharged 
from the agitator tank into a splitter 
box, where dilution water is added to 


machines. Each bank consists of four 
too-cu ft capacity cells. Retention time 
of the pulp in these cells is approximately 
6 min., during which time the bulk of the 
clean coal is recovered as a froth product. 
Four-bladed paddles are used. to skim 
the froth from the tops of the cells. The 
cells are equipped with rubber-covered 
impellers, which are rotated at 250 rpm. 
Supercharged air at 6-oz pressure, produced 
by a tooo cfm turboblower, is admitted 
to the standpipe of each cell to assist in 
the aeration of the pulp. 
Operating data on the flotation circuits 
are given in Table 3. Since the bulk of 
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the coal is recovered from these cells 
in the form of a froth carrying 40 pct 
solids by weight, the tailing from the 
cells is diluted to a low point, or 9.6 pct 
as indicated by the test data. In order to 
make as economical a retreatment of this 
pulp as possible for complete removal of 
the remaining coal, the primary tailing 
is rethickened in a 30-ft thickener tank and 
is then delivered to a scavenger circuit 
consisting of the flotation equipment 
originally used for pilot-plant purposes. 


same as the larger cells. The main difference 
in the operation of this flotation machine 
is that the froth from the last two cells 
of each bank is returned to the No. 1 
cell for recleaning. Five minutes of flotation 
time is provided in these cells for final 
recovery of the coal that carries over from 


the primary circuit. Operating data in 
Table 3 show that the concentrate from | 


the scavenger circuit is high in ash content. 
If market requirements indicate that a 
lower ash content for the composite plant 


TABLE 4—Operating Results for the Primary and Scavenger Froth Flotation Circuits 


Primary Primary Primary | Scavenger | Scavenger | Scavenger | Composite 
Flotation | Flotation | Flotation | Flotation | Flotation | Flotation Plant 
Cell Feed | Cell Coal |Cell Refuse] Cell Feed | Cell Coal {Cell Refuse] Product 
Gallons per minute...... I,000 280 720 360 25 335 
Solids) pctinines fs thease vas 19.0 40.6 9. 15.4 41.5 Il.% 
Solids, tons per hour..... 52.0 33-5 18.5 Ted Sut 12. 41.8 
Recovery) Det. ive.ss es 100.0 64.5 35-5 29.2 6.0 23.2 91.2 
ASH DCUs nitetstie.. ota aa 30.13 13.04 60.82 61.35 24.05 70.72 14.5 


Screen and Fractional Ash Analyses 


Retained on 

Mesh 
+ 10...| 0.0 0.0 0.0 0.0 0.0 0.0 O.3 
+ I4...| 0.2 11.27 0.0 0.0 0.2 0.2 0.2 I.0 6 
+ 20...| 1.0 ; 0.5 0.5 0.8 ¢|16.89]} 0.7 }|14.87] 0.8 }|16.41| 2.7 rk 
+ 28. ais 58 8.79 t.,0) 14.16 2.5 ned 2.5 4.7 

Sealecaet: 6 ‘8 : ; ; } 

> *e eh 18.23 ie 9.24 es 32.80 ooh 46.40 Ay 15.61 ea 48.42 pt 12.14 
T 108.119: f [27-89 ]26.0 | |12-83]r6.5 | [60-52] 13g | |66.08|12°2 | Ing. sol22-2 bl73.69lt4-0 br4.75 
+150 13.6 15.0 14.9 16.4 17 . TS. glI5.0 
+200 aOs 33.37 2.9 13.88 9.9 65.79 vail 66.60 ie 26.31 ted 78.08 Les 16.56 
— 200 18.4 |46.45|/14.2 |19.50/36.3 |70.04|22.5 |72.07/17.9 30.55|23.4 |79.40/12.8 {21.77 


The scavenger circuit is identical to 
the primary flotation circuit except that 
the equipment used is approximately 
one fourth as large. The rethickened 
primary cell reject is removed from the 
thickener- tank’ with a 6-in. diaphragm 
pump. This pump discharges the thickener 
underflow into a 6- by 6-ft agitator tank, 
which is equipped with a 24-in. diam 
propeller rotated at 250 rpm. An addi- 
tional 15-min. conditioning period is 
provided ahead of the scavenger flotation 
circuit. The flotation machine consists 
of eight 24-cu ft cells arranged into two 
parallel banks of four cells each, the 


product is desirable, this scavenger froth 
can be recleaned in separate cleaner cells 
or by combining it with the feed pulp 
being fed to the primary flotation circuit 
for recleaning in the large cells. 


The flotation circuit used at the plant — 


has the following advantages: 

1. A small number of primary cells 
is needed, since a complete recovery of coal 
is not attempted in this circuit. However, 
the bulk of recoverable coal is obtained 
from the primary cells, since optimum 
pulp densities for most rapid flotation 
can be maintained. . 

2. Thickening of the primary dilute 
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tailings reduces the volume of sludge 
that has to be handled in the scavenger 
circuit. Small equipment can then be 
used for the final recovery step. As a 


feeding and distributing equipment is 
used for the primary and_ scavenger 
circuits. Fig 4 shows the arrangement of 
plant reagent head tanks, reagent feeders, 


w 


result, the power requirement for the 
scavenger circuit is low. Furthermore, 
the thickener overflow can be recirculated 
for plant use. 

3. Efficient conditioning of the thick- 
ened solids in an agitator ahead of the 
scavenger circuit results in better flotation 
conditions and recoveries. Smaller amounts 
of reagents are accordingly required. 


Reagent Feeding 


Pine oil or an alcohol frother with a 
light fuel oil as the collector was found 
to be the most efficient reagent. Intro- 
duction of these oils into each circuit 
is accomplished by a four-compartment 
bucket-type reagent feeder. No. 1 frother 
and No. 2 collector compartments feed 
the reagents into the conditioning tank 
ahead of the cells, whereas No. 3 frother 
and No. 4 collector compartments deliver 
the oils into a reagent distributor, which 
in turn splits and delivers reagents to 
the individual flotation cells. By this 
arrangement, approximately one half of 
the total reagent is fed to the conditioner 
tank and the remaining half can be sub- 
divided and fed to Nos. 2, 3 and 4 cells 


of each flotation machine. Duplicate 


Fic 4—REAGENT FLOOR AT THE FLOTATION PLANT. 


and distributors. Table s shows the con- 
sumption of reagents in the two flotation 
circuits. 


TaBLE 5—Consumption of Reagents 


CC Lb per Cost per 
Circuit Oil per | Ton Flo- on Flo- 
Min |tation Coal|tation Coal 


Primary... -'- Pine 144 0.47 $0.033 
Fuel | 524 1.58 0.019 
Scavenger... .} Pine 22 0.07 0,005 
Fuel 412 0.34 0.004 
Totalecn tnicon's Pine 166 0.54 0.038 


0.023 
Total cost re- 
agent per 
ton flotation 
COal..jasinsre $0. 061 


Product Dewatering 


A 54- by 70-In. centrifugal filter of the 
solid bowl type has been used to reduce 
the moisture content of the coal froth 
produced by the flotation machines. 
Operating data in Table 6 show the per- 
formance of this machine. 

These data indicate that a high recovery 
of the feed solids is accomplished in the 
filter. Solids lost with the effluent consist 
of high-ash slime particles. The effluent 
solids are approximately 97 pct minus 


300 THE OPERATION OF A FROTH FLOTATION PLANT ON WASHERY-WATER SOLIDS 


200-mesh in size and have an ash content 
of 45 pct. 

The moisture content of the filter cake 
varies with the size consist of the feed 
solids. When the proportion of minus 
200-mesh particles increases, the moisture 
content of the cake is higher. The amount 


TABLE 6—Oberating Data for 54- by 70-inch 
Centrifugal Filter 


Feed, tons per hour.. 41.0 General data: 
Moisture, pct...... 57.2 Conveyor, double 
Drycake,tonsperhour 40.0 spiral with 16 in. 

Moisture, pct...... 26.0 lead, 
15 
Gear ratio, 20: Es 
Speed, 525 rp 
sis > ionetic 534 


slope 2° and 


Recovery solids, pct 


98.7 
iy loss, tons per 


¥.O 


Moisture, pct. . 97.8 


Loss solids in efflu- 


Pool depth, 3 in. 
SDL PCbsiiss) ale sane £3 


Power, 70 kw 


of top-size particles present also definitely 
affects the dewatering results. When the 
flotation plant was first started, the filter 
was fed the froth concentrate from the 
cells only. Later, the plant oversize 
product was also fed to the filter, and 
improved dewatering performance was 
obtained. 

The original single-spiral conveyor hav- 
ing a 10° uniform slope on the blade tips 
at the discharge end of the machine was 
replaced with a new design having a 
double spiral with two slopes on the con- 
veyor tips. Dewatering performance of 
the machine with the new conveyor has 
been somewhat better, and it is hoped 
that the life of the stellited conveyor 
blades will be prolonged. 

A 4- by 16-in. vibrating screen was 
recently installed in the plant for use in 
conjunction with the centrifugal filter. 
This screen was recently. developed for 
dewatering coal sludges. The flat screen 
deck is covered with a special cloth made 
up of parallel stainless-steel rods. The 
first half of the screening surface is free 
of obstructions, but five dams are located 
between the screen panels on the last 
eight feet of the screen deck. These dams 
are sloped in the direction of the flow. 
The cloth was depressed with a pre- 


determined radius on each side of these 
dams and the openings in the cloth were 
doubled in size in these depressions to 
permit more rapid draining of the water. 


The discharge end of the screen is elevated - 


so that the material must work uphill, 
thus retarding the progress of the water 
and increasing the retention time of the 
coal on the deck. The dams also retard 
the progress of the coal across the deck 
and provide obstructions against which 
the coal backs up to produce a heavy bed 
of material. This thick mass .of coal, 
backed up by the dams, results in squeezing 
of the water out of the layer of coal. 
The vibrating mechanism rotates at 
1100 rpm, imparting a 3{.-in. stroke to 
the screen deck. The screen was equipped 


with cloth segments having }4-mm open-° 


ings for the first 4 ft and cloth with }14-mm 
openings for the remaining 14 ft of deck 
for the test results given in Table 7. 


TABLE 7—Operating Data for 4- by 16-feet 
Dewatering Screen 


Screen 
Screen | Screen 
Feed | Cake | Under- 
Solids, tons per hour......| 42 25 17 
Moisture, Dot... <5... cece 58.5 Vee 72.2 
Recovery solids, pct....... 100.0 59.5 40.5 
sh, pet, .ceebnek someet ae 14.1 T35 14.4 
Size analysis: retained on : 
Mesh 
TO stages Mirerets 0.5 O<7 0.0 
RA vs ic .0% Sitarien ree aie 0.5 ru3 OE ¢ 
ROR ee wate ae 6.0 8.0 1.8 
Oe, ie tajave acai Maitenas od tHe 10.5 are 
BB crascrek ls le Mladen tens 10.5 13-5 5.6 
rh ET eterna: ee Tan2 13.4 9.5 
OS ia sare cha tere ree 13.2 12.8 14.4: 
TOO Siw’ 65 Rts 9 18.6 16.5 23.5 
TSO Saree eta ole 13.0 Tia aC, 
BOG STS sestth s ccaterain 7.0) 5.8 I1l.0 
AGO ass sik es, oan ohese 10.8 6.3 cco. 


These data show that considerable coal 
was lost through the screen with the water. 
On a product as fine as the flotation con- 
centrate, these underflow losses cannot be 
eliminated entirely, since a reduction in 
cloth openings also results in a reduction 
of the dewatering capacity of the cloth. 


It appears evident that the screen would. 
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be incapable of operating alone to handle 
such a product as this one because of the 
underflow losses. However, this screen 
can be operated in conjunction with the 
centrifugal filter to make possible the 
maximum dewatering of the flotation 
product at a minimum cost. By feeding 
the screen all the flotation concentrate, 
approximately 60 pct is recovered as a 
dewatered screen cake. The screen under- 


flow is then combined with the plant 


oversize product and pumped to the 
centrifugal filter. By this arrangement, 
the power consumed by the centrifuge 
is considerably reduced and the life of the 
spiral conveyor, the principal item of 
maintenance cost, is prolonged because 
of the reduced tonnage through the 
machine. 

Another interesting possibility for using 
a dewatering screen of this type would be a 
circuit in which a thickener is used ahead 
of the screen. Operation of the screen 
on the thickened sludge should be con- 
siderably improved. Because of the reduced 
amount of underflow, screen underflow 
losses would also be reduced to a low 
amount and could be completely li- 


‘minated by returning the screen under- . 


flow to the thickener. 

The dewatered product at 25 pct 
moisture forms a wet cake, which com- 
pacts into a solid mass when loaded 
into bins or railroad cars. As a result of 
the caking nature of the wet coal, un- 
loading of the material from bins and 
cars requires extra labor and time. In 
addition to the handling difficulties, the 
high moisture content (reduced to ap- 
proximately 18 pct by drainage) is gen- 
erally objectionable to. the consumers. 

An extensive investigation was con- 
ducted to determine how this product 
could be dewatered with a minimum cost 
to a point where it would be satisfactory 
to the consumers. Prolonged storage to 
allow for natural drainage resulted in a 
final moisture as low as 13 pct. Very 
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encouraging results were then obtained 
by blending this product with the next 
larger size, Anthrafine B, and allowing the 
mixture to drain. More rapid drainage 
resulted and the blended product could be 
handled without too much difficulty. The 
preparation of a large number of closely 
sized fractions of anthracite, which are 
sold at different rates by sizes (higher 
rates for larger sizes), prevents the blending 
of this product with large quantities of 
coarser coal. For Anthrafine B, the price 
is approximately the same as the flotation 
product, so that mixing of these two 
products is feasible. 

The only method of making a sufficient 
moisture reduction on the product as it is 
produced appears to be by heat drying. 
Since the flotation plant at Tamaqua 
colliery had to be constructed at a site 
that does not allow for blending of the 
product with larger material and storage 
to permit drainage, heat drying equip- 
ment was ordered and will be erected 
at the plant to dry the product to a final 
moisture of 6 to 8 pct. In this moisture 
range, the fine coal no longer produces a 
cake and can be readily handled. A 114- 
by 60-ft rotary drier of the indirect- 
direct type was ordered for this purpose. 


Water Clarification and Impounding 


The overflow from the 75-ft hydro- 
separator that carries approximately 31 
tons per hr of slimes in 6500 to 7000 gpm 
of water and the flotation circuit reject 
sludge carrying approximately 15 tons per 
hr of refuse are combined and directed 
into a 180-ft diam thickener. This thickener 
produces an overflow carrying 0.01 pet 
solids or less, and an underflow product 
carrying 20 pct by weight solids. The 
overflow is pumped into the breaker as 
wash water for cleaning the larger sizes. 
The underflow is pumped to a waste- 
impounding dam for storage of these 
solids. 


/ 
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General Plant Operation 


One of the characteristics of this plant 
is that it is dependent on the main breaker 
for its source of material. Fluctuations 
in the quantity and grade of material 
being fed to the main cleaning plant are 
reflected in a very short time in the 
quantity and nature of the material 
entering the flotation plant. Because of 
these variations, operation of the fine- 
coal recovery plant is somewhat com- 
plicated. Early in the operation of the 
plant it was found necessary to iron out 
the major surges in feed by installing a 
motorized rake-lifting device on the 75-ft 
hydroseparator. The plant operator can 
lift these rakes when surges of feed occur 
and thus store some of the material in 
the bottom of the hydroseparator tank. 

The quantity of coarser particles in 
the feed sludge entering the flotation 
machines has a marked effect on the 
performance of the flotation circuit. When 
large quantities of coarse material enter 
the cells (in the range of 15 to 20 pct 
plus 28-mesh material) the froth becomes 
dead and very poor recoveries result. 
Best operation of the cells was obtained 
when essentially all the plus 28-mesh 
particles are removed from the feed ahead 
of the cells. A more desirable upper size 
limit would be 35- to 48-mesh. If the 
flotation feed could be limited to minus 
35- or 48-mesh material, rapid flotation 
and high recovery efficiencies would result. 


Power 


Three-phase 25-cycle power is supplied 
at 11,000 volts to the plant transformers, 
which reduce this voltage to 440 volts 
for plant use. Most of the power con- 
sumed by the project is used by 
the pumps to deliver the slurry water to the 
plant, recirculate clarified water to the 
breaker and deliver the waste solids to 
an impounding dam. Total power con- 
sumed by the project is approximately 
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470 kw. Power requirements for various 
project purposes is given in Table 8. 


TABLE 8—Distribution of Power 


- 


Power 
Consump- | Cost per Ton 
tion, Pct Product 
of Total 
Feed pump, 7500 gpm...|17.2 $o0.019 
Breaker rec. pump 5,000 
Epics scorn cers s 31.0 0.034 
Waste-impounding pump, 
BOOS PMs ieee 1.8 0.013 
Total pumps.a.2 1 8) oe 60.0 $0 .066 
Classification® sc). «.0.ael ot 2.5 0.002 
Conditioning<.... J. aan. + 4.2 0.005 
Flotation... ce heee oes 13.6 0.015 
Thickening...) 35 «,.s so aa | 0.001 
Product dewatering..... II.4 0.013 
Plant pumping... ..3.:.. i 0.008 
Total plant. sears 40.0 0.044 
Grand, totaton awn 100.0 $o0.110 


Operating Costs 

Accurate operating costs for the fine- 
coal project are not yet available because 
of the short time the project has been in 
operation. Operating costs in Table 9 
were estimated on the basis of an average 
output of 525 tons per day. Labor costs 
were calculated for a 6-day work week 


using rates established by the agreement - 


TABLE g—Operating Costs for Flotation 


Project 
Cost PER TON 
: PRopuctT 
Flotation Plant: 
BISOT. oierca a oa ee eee $0.130 
POWeErL seal onidin’s cin hice os aos 0.044 
REAGENTS Sans. bb vice abr eels eee s 0.061 
Maintenance, material andlabor.. 0.072 
Total plant operation.......... $0.307 
Pumping and impounding: ; 
BDO y cass nish ah aes teint 0.048 
PH Wella cyials cb ch aehtatee a rcetrenee 0.066 
Maintenance, material andlabor.. 0.030 
Total pumping and impounding. 0.144 
Total operating cost......... $0.451 


of June 7, 1946. Power and reagent con- 
sumption is based on actual figures for 
the time the plant has been in operation. 
The maintenance costs were calculated 
by using renewal costs for the equip- 
ment that required maintenance to date. 
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as well as an estimated cost of keeping 
all the equipment and facilities in operating 
condition. 

These costs do not include the expense 
for the new heat drying equipment that 
is being installed at the present time. 
To these costs, the carrying charges to 
cover interest and amortization must 
also be added to get the complete operating 
costs for the project. 


SUMMARY 


The froth flotation project at Tamaqua 
colliery has been operating successfully 
to produce large quantities of fine coal 
by recovering and cleaning the material 
discharged with the waste wash water from 
the breaker. In addition to the recovery 
of coal, the wash water is clarified and 
returned to the breaker for re-use. The 
refuse solids from the recovery plant are 
impounded in a waste dam. With the 
operation of these facilities stream pollution 
with silt is completely eliminated at this 
colliery. 

The froth flotation circuit used for 
cleaning the raw feed sludge has eff- 
ciently produced a satisfactory product 
at low cost. This system has been success- 
ful in handling feeds ranging from 4o to 
60 tons per hour of solids and to produce 
30 to 45 tons per hour of marketable coal. 
Daily production ranges from 500 to 
sso tons per day. Direct operating cost for 
the flotation plant, only, is approximately 
$0.31 per ton of product. 

The removal of coarser particles ahead 
of the flotation machines by using a 
hydroseparator in conjunction with vibrat- 
ing screens has resulted in high recoveries 
and improved flotation conditions. Froth 
flotation of the sludge is accomplished 
with a minimum contact time and amount 
of reagents by using an intermediate 
thickening step, which enables the primary 
cell tailings to be rethickened and re- 
conditioned before final recovery is made in 
scavenger cells. 
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Dewatering of the clean-coal product 
has presented the main problem in the 
production of this material, since the 
mechanical equipment used for this pur- 
pose is capable of reducing the moisture 
only to 25 pct. Heat drying appears to 
be the only means of further reducing the 
moisture content of the output as it is 
produced. Accordingly, heat drying equip- 
ment will be installed to produce a product 
with 6 to 8 pct moisture content. If it 
would have been possible to blend the 
flotation product with sufficient quantities 
of larger coal and to place it in storage to 
permit natural drainage, the heat drying 
step could possibly have been avoided. 
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DISCUSSION 
(J. Griffen presiding) 


S. A. Fatconer*—The authors of this 
interesting paper are to be complimented on 
their fine description of the operations of this 
pioneer commercial-size flotation installation 
in the anthracite region. Some novel features 
have been incorporated in the design and 
flowsheet of this plant; and the data on opera- 
tion and costs reflect careful planning by the 
management, backed by pilot plant experience, 
which has insured successful results. 

Upon reviewing this paper, several comments 
come into mind. It is evident from the exper- 
ience of Lehigh Navigation Coal Co. as well 
as that of other companies with coal flotation 
plants, that careful preparation and control 
of flotation feed are necessary in order to secure 


* American Cyanamid Co., Stamford, Conn. 
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high flotation efficiency. The presence of fines 
or slimes in the minus 200-mesh range are 
undesirable because they are reagent con- 
sumers, and because this material which is 
usually high ash is difficult to keep out of the 
fmished flotation concentrate. On the other 
hand, coarse sizes, above 28-mesh, are more 
difficult to float. Higher quantities of reagents 
are necessary in order to float these coarse 
coal sizes and when sufficient amounts are 
added to insure their recovery, some sacrifice 
in grade results because of the tendency of the 
reagent to pull fine refuse along with the coal. 

In addition to sizing the feed into the opti- 
mum range for flotation, it is even more 
important that it is fed at uniform rate and 
pulp density and properly conditioned with 
reagents before entering the flotation cells. 

All of the foregoing conditions have been 
recognized and adequately dealt with in the 
Lehigh Navigation Coal Company’s plant. 
The primary hydroseparator makes an efficient 
separation of the minus 200-mesh fines in the 
washery water, as shown in the data of Table r. 
In addition, this apparatus is capable of 
compensating for the surges in volume of flow 
of washery waste which is one of the char- 
acteristics of operation of a breaker. For the 
removal of plus 28-mesh sizes, it is interesting 
to note that classification as well as screening 
is used. The secondary pocket classifier, which 
was developed to meet local conditions, is 
somewhat unique in its method of operation, 
and is a tribute to the ingenuity of the operat- 
ing staff of this plant. It is interesting to note 
that the screens themselves are apparently 
not very efficient especially as regards removal 
of plus 48-mesh sizes, but as the authors point 
out, this is caused by the fact that only a 
limited amount of spray water can be used on 
the screens in order to prevent undue dilution 
of the underflow which discharges into primary 
rougher flotation cells. 

In the flotation circuit itself, it is to be 
noted that only one large conditioner tank is 
used ahead of the primary rougher cells. The 
single conditioner at this point is apparently 
satisfactory for the Lehigh Navigation Coal 
Company’s operations. However, it should be 
mentioned that some plants have found it 
desirable to use two or even three conditioner 
tanks in series, rather than one single tank of 
equivalent volume, in the interest of better 
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conditioning reagent economy, and circum-- 
venting any possibility of short-circuiting of 
pulp during conditioning with reagents. 

The flotation flowsheet is rather unique 
in that a thickening step is interposed between 
the primary and secondary rougher operations. 
It is to be noted that the rougher concentrates 
in this plant are not refloated in cleaner cells, 
although a somewhat similar effect is obtained 
in the case of the secondary rougher flotation 
circuit by counter-currenting the froths back 
to the head cells. 

The use of the intermediate thickener in the 
Lehigh Navigation Coal Company’s flotation _ 
circuit has permitted them to reduce the 
volume of pulp discharged from the primary 
rougher flotation cells and thus use flotation 
equipment which was at hand after operation 
of the original pilot plant. It would seem to 
be questionable whether this same type of 
flowsheet would be justified in the case of an 
entirely new plant where there would not be 
available the thickener and flotation machines 
which Lehigh Navigation Coal Co. happened 
to have. In considering the design of a new 
plant, the cost of the extra thickener and pumps 
would have to be balanced against the cost 
of a few extra flotation cells, and perhaps a 
slightly higher reagent consumption. 

It is interesting to note that Lehigh Naviga- 
tion Coal Company’s flotation operations are 
conducted at about 18 to 20 pct solids. This 
seems to be an optimum pulp density for. 
securing good grade of concentrates with 
higher recovery of coal in optimum time of 
flotation. In American Cyanamid Company’s 
laboratory at Stamford, we have found that 
although there is sometimes an advantage, 
from the standpoint of recovery, in floating 
at higher percent solids, there is usually no 
advantage from the standpoint of flotation 
machine requirements or grade of finished 
concentrates. In other words, at higher percent 
solids the time of flotation is slightly increased, 
and there is more tendency to trap high ash. 
fines. 

In the Lehigh Navigation Coal Companys’ 
flowsheet, the overflow from the intermediate 
thickener is returned to the circuit although 
just where is not clear from the flowsheet. 
It would be interesting to know just what 
effect this return flow has on the overall 
flotation results, inasmuch as we note from 


, 
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the data in Table 3 that there is evidently 
6.3 tons per hr of solids of undescribed analysis 
in this overflow. 

The data given in Table 3 also indicate 
that the concentrate obtained in the secondary 
roughing operations is low grade and has the 
effect of raising the ash content of the overall 
plant product. Of course, the actual weight 
recovery of this scavenger float product is 
rather low. 

It is an interesting conjecture whether a 
classifier or hydroseparator rather than a 
thickener might not have more useful applica- 
tion between a primary and secondary rougher 
flotation circuit. In the case of some coal feeds 
treated in the American Cyanamid Company’s 
laboratory, particularly those containing a 
high proportion of coarse material, we have 
found it advantageous to use a flowscheme 
involving conditioning of the original flotation 
feed with optimum quantities of reagents to 
remove the finer, more readily floatable coal, 
but not sufficient to float the coarser coal 
sizes. Following this initial float, the tailing 
is subjected to classification or screening to 
eliminate the finer high-ash sizes and then 
the coarser fraction is conditioned with more 
reagents and subjected to a second stage of 
flotation. In this second stage of flotation, 
the coarse coal is floated but there are sub- 
stantially no fine high-ash sizes present to 
contaminate the concentrates, and, therefore, 
it is possible to make a high grade concentrate. 
On some types of coal this scheme of treatment 
gives higher overall recovery and cleaner 
concentrate than a straight roughing-cleaning 
procedure. 

The methods used to feed and distribute the 
~ fuel oiland pine oil flotation reagents reflect 
careful planning and selection of equipment, 
which undoubtedly contribute to the low con- 
sumptions—only 0.54 lb of pine oil and 1.92 lb 
of fuel oil per ton of flotation concentrate. 

One of the most interesting features of this 
paper is the discussion of the dewatering 
problem. Dewatering of fine anthracite coal 
has always been a problem and has undoubtedly 
held back the more general adoption of flotation 
in the anthracite region. The Lehigh Naviga- 
tion Coal Co. investigators have contributed 
a great deal to the better understanding of 
this problem, and offer constructive suggestions 
as to the solution. Their experiments with 
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apparatus such as a centrifuge and screens 
may eventually result in improvement in 
design of such equipment which will at some 
future time result in more efficient dewatering. 
However, for their own particular market 
requirements, they have been forced to adopt 
heat drying. Other companies faced with less 
exacting conditions may find thickening, 
followed by screening or filtration or perhaps 
simple drainage from stockpiled material will 
give adequate dewatering. 

It is to be hoped that the successful outcome 
of Lehigh Navigation Coal Company’s venture 
will result in further flotation installations 
by mining companies confronted with the 
dual problem of dealing with stream pollution 
and increasing the yield of fine coal for which 
the market seems to be increasing. Already, 
another large operator in the anthracite region 
has just recently placed in successful operation 
a 50 ton per hr flotation plant, and plans are 
under way for a similar size plant at one of its 
other breakers. 


H. J. Gister*—Flotation—The general con- 
sensus of opinion on coal flotation indicates 
that present day practice precludes success- 
fully floating coal coarser than 28- or 35-mesh. 
The thoughts expressed in the Lehigh paper 
seem to confirm this assumption. 

Flotation of coarse and fine coal together 
definitely is a problem. Conditions ideal for 
recovery of fine coal are not necessarily ideal 
for the coarser fractions, and the writer’s 
experience with coal flotation in various plants 
as well as in the laboratory bears out this 
opinion. Dilute pulps and careful reagent 
control favor flotation of fine coal whereas 
coal coarser than 35-mesh is more readily 
floated at a higher density under more intense 
conditions. 

Coarse coal has a tendency to form a heavy 
thick froth on the surface of the flotation cell 
whereas fine coal froth is more ‘‘alive”’ and free 
flowing. The former must be removed from 
the cell surface rapidly, and generally the 
usual froth paddles are inadequate to handle 
this character of material. Special means must 
therefore be provided in such cases. 

A separate flotation circuit for handling 
the coarse fraction of coal may be worthy of 


* Denver Equipment Co., Denver, Colo. 


306 THE OPERATION OF A FROTH FLOTATION PLANT ON WASHERY-WATER SOLIDS 


investigation and it may be that this suggested 
arrangement may be more economical than 
the present screening system or the proposed 
gravity methods. The 10 ft Hydro underflow 
would make ideal feed for a coarse coal flota- 
tion circuit and, judging from experience, 
such a circuit would under ideal conditions 
recover a low ash coal, coarse as 8- or ro-mesh. 

Gravity Removal of Pyrite and High Ash 
Refuse—The hindered settling classifier de- 
scribed in the Lehigh paper is unique in its 
operation, particularly the method of opening 
and closing the reject discharge valve. 

A pulsating mineral jig with a rotating 
water valve, properly synchronized with the 
action of the plunger diaphragm, would give 
a series of upward pulsations. This action is 
very effective in gravity separation. It may 
be more effective as a means for removing the 
coarse refuse and pyrite, both coarse and fine. 
Its water requirements would be considerably 
less than a straight hindered settling classifier 
and in the writer’s opinion the action of such 
a jig or mineral selector would be superior. 


H. F. Yancey*—All three of the papers on 
the cleaning of coal by froth flotation are a 
welcome addition to the literature on this 
subject—primarily because they .all present 
detailed operating information on actual 
plants. 

In this field especially, even more than in 
experimental and development work fields, 
there is a dearth of information for the operator 
who seeks to determine the investment and 
operating costs required to recover clean coal 
from washery. water. The managements of 
the companies at which the three plants are 
working, the authors, and the program com- 
mittee of the Coal Division are to be con- 
gratulated upon making the information 
available. 

All three papers deal broadly with the same 
subject, that is, the recovery of fuel values 
from the fine coal present in washery water. 
It is interesting to note that the plant at 
Tamaqua, working on anthracite slurry, is 
able to benefit the subsequent flotation opera- 
tion by first removing the high-ash fines in a 
classifier of the hydro-thickener-separator 

* U.S. Bureau of Mines, Seattle, Washing- 
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type. As a result, the feed to the flotation 
plant contains only 18 pct of material finer 
than 200-mesh, whereas at Champion and 
Empire the character of the fines does not 
necessitate preclassification and the feed to the 
cells at these plants contains over 7o pct 
passing 200-mesh. 

At both Tamaqua and Champion oversized 
material in the feed is undesirable. With the 
anthracite operation at Tamaqua this size is 
placed at 28- or 35-mesh, but with the bitu- 
minous operation at Champion, it is a little 
finer, namely, 48-mesh. 

The total direct costs at the two operations 
giving such figures are not stated so as to be 
directly comparable, because different operat- 
ing conditions and labor scales are involved, 
but at both plants the reagent cost is about 
the same, namely 4 to 7¢ a ton of coal at 
Champion and 6¢ at Tamaqua. 

The use of a solid-bowl centrifuge at Tama- 
qua in comparison with the usual vacuum 
filter at Champion is an interesting develop- 
ment, but it is perhaps significant that part 
of the load at Tamaqua is being removed 
ahead of the centrifuge by a horizontal vibrat- 
ing screen. 

This is a new use for such apparatus and 
when observed on a recent visit to the plant 
showed a very thick bed of oversize on the 
screen, not to be compared in any way with 
the ordinary use of dewatering screens at 
bituminous washeries. 

The high-speed elevators used in breaking 
down froth at Champion form an important 
development, as the handling of froth has 
been a major problem at the few washeries 
in the United States that have tried froth 
flotation. In these few plants the usual practice 
has been to add the froth to coarser washed 
coal in the clean-coal bin, thereby furnishing 
a natural filter bed for the froth, such as is 
practiced at Empire. This arrangement natu- 
rally results in lower fixed and operating costs. 

In Europe, where the froth flotation of 
coking-coal sludge is common practice because 
such coal has a value of perhaps twice as 
much as coal in this country, other devices 
have been used for breaking down froth. One 
of these, known as a ‘“‘foam destroyer,’’ was 
made by Schtictermann and Kremer-Baum 
of Dortmund, Germany, a large coal-washery 
equipment manufacturer. By this method, 
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the froth product is sucked into a vacuum tank 
so arranged that the material strikes a fixed 
plate located inside the tank near the intake, 
thereby releasing the air entrapped in the 
froth. The desired froth then flows by gravity 
to the ordinary drum of leaf-type filter. With 
this device vacuum and impact are combined 
as compared with impact alone at Champion. 


J. A. Younxins, Jr.*—I should like to ask 
Mr. Gandrud if there is any recirculation 
from the overflow to the settling tank? Are 
the solid contents up around 16 or 17 pct in 
the overflow-of the settling tank? 

I would also like to know what is the ratio 
between the 4oo gal feed to the flotation plant 
as compared to the total volume of settling 
tank overflow. 

400 gpm to a 12-ft cell seems to be a rather 
high volume. Was the air-type machine 
selected because it had a higher capacity 
than the mechanical machine? 


I should like to ask Mr. Parton if it is not , 


true that the higher pulp densities which he 
described in his paper are caused more or less 
by the higher specific gravity of anthracite 
coal? Is not the actual volumetric. density 
in the anthracite flotation cell comparable to 
that in the bituminous coal flotation cell? 

Also, I should like to ask Mr. Parton whether 
he has had any experience in cleaning the 
sludge. 


B. W. Ganprup—The water is recirculated 
but it is pumped up over the hill into a settling 
pond where it all starts out first, and then it 
goes down into the plant. Some make-up water 
had to be added to the settling pond. That was 
done by pumping clear water out of the river 
so that all the water going to the plant is clear 
water. It is a very unusual situation in that 
respect and that is the reason, I think, that 
the solids do not build up so much. 

As to the total volume of slurry, about 
soo. gal are pumped up into the second pond 
on the other side of the hill and some slurry 
overflows into the sump which is picked up 
by the pump—just how much I do not know, 
offhand; it is about 100 or 200 gpm. That 
overflows and goes into another sump where 
the solids settle down again, so there is an 
opportunity for solids to settle out and they 
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are settled out completely, and all this overflow 
of water always comes back. 


J. A. Younxins, Jk —Your project is really 
to recover solids that are being wasted in 
addition to the recovery that you are getting 
in your settling ponds? ; 


B. W. Ganprup—That is right. Previously 
that material was being wasted in the settling 
ponds. It was never recovered but by this 
system we are recovering it. ; 

As to the pneumatic machine, we just felt 
that it would have better possibilities with this 
diluted material with 214 pct solids than the 
mechanical machine would have. It is a fairly 
cheap installation. The 12-cell costs $600 or 
$700, as I remember. It treats 4oo gpm and 
we did not think we could do that with a 
mechanical cell. 


J. GrirFEN—Mr. Parton, will you answer 
the questions of Mr. Younkins? 


W. J. Parton (authors’ reply)—In regard 
to the cleaning of our waste impounding dam, 
I must admit that little thought has been given 
to the possibility of removing material from 
this area. 

The ‘present dam is designed to have a 
15 yr life. At the end of that time, we shall 
undoubtedly prepare another area for dis- 
posing of this waste and we will allow the 
material to remain in the dam as deposited. 


J. A. Younxrns, Jr.—Your pulp is con- 
sistently higher in density than is prevalent 
in bituminous practice. Is that caused by the 
differences in specific gravity of the two types 
of coal? 


W. J. Parron—Yes, we would have fewer 
particles per gal of sludge as compared with a 
bituminous coal sludge at the same pulp 
density because of the higher specific gravity 
of anthracite. Our coal is approximately 1.65 


sp gr. 


J. A. Younxins, Jx.—Therefore, when you 
speak of concentrate anthracite at 30 pct 
solids, that would probably be equivalent to 
around 20 pct solids in bituminous practice? 


W. J. Parton—I doubt if the difference in 
density caused by the difference in gravities 
is as pronounced as you suggest. 


Flotation Treatment of Washery Water at the Empire, Alabama, 
Mine of the DeBardeleben Coal Corporation 


By B. W. Ganprup,* MemMBER, AND H. L. Ritey,* Juntor MemsBer, AIME 


(New York Meeting, March 1947) 


A FROTH flotation unit was added to 
the DeBardeleben Coal Corporation’s 
Empire washer at Empire, Alabama, in 
the. fall of 1940 following an investiga- 
tion of possible ways and means of recover- 
ing coal values from settling-tank overflow 
or slurry. Officials of the DeBardeleben 
corporation hoped that some practical 
and reasonably . economical way could 
be found for recovering fine coal from 
overflow water, although there had as yet 
been very little progress along this line 
in the Alabama coal fields. The Bureau 
of Mines was asked to cooperate in the 
project through its Southern Experiment 
Station, at University, Alabama. This 
paper presents a brief description of the 
process and the installation that resulted 
from the investigation of the overflow 
water or slurry problem at the Empire 
mine. The experimental data included 
as a part of this paper were obtained 
during the course of the investigation in 
1940. Since that time, however, the flota- 
tion unit has been running more or less 
continuously without significant opera- 
tional changes and is still performing 
pretty much in accordance with the data 
obtained in 1940. 


Published by permission of the Director, 
Bureau of Mines, S. Department of the 
Interior. Manuscript received at the office of 
the Institute Dec. 27, 1946. Issued as TP 2205 
in CoaL TECHNOLOGY, May 1947. 

‘* Supervising Engineer and Assistant Coal 
Preparation Engineer, respectively, Coal Prepa- 
ration Section, Southern Experiment Station, 
Bureau of Mines, University, Alabama. 
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FLOWSHEET AT EMPIRE AND TYPE OF 
CoaL TREATED 


The Empire mine is developed on 
the Black Creek bed near the northeast 
border of the Warrior field. The coal 
in this bed is extremely low-ash and 
although there is an almost complete 
absence of bone coal and partings, the 
bed is so thin that, with mechanized 


. mining, a high percentage of rock from 


roof and floor inevitably gets into the 
run-of-mine coal. The thickness of the 
Black Creek bed throughout the part of 
the Warrior field in which it is mined 
extensively is rarely over 30 in. and 
probably would average about 25 in. 
The coal is of the high-volatile A rank 
and of excellent quality, but as a result of 
admixture of roof and floor material, 
the run-of-mine product usually contains 
15 to 20 pct rock by weight. The following 


is a proximate analysis on an ‘‘as-received”’ 


basis of a typical seam sample from the 
Empire mine:! moisture, 3.0 pct; volatile, 
34.6 fixed carbon 58.3; ash, 4.1 

This sample showed 15,070 Btu per 
pound and o.9 pet sulphur on a moisture- 
and-ash-free basis. 

In the Empire preparation plant the 
lump sizes above 3 in. are removed and 
hand-picked on a Marcus conveying 
screen, the 3 to 3¢-in. size is removed by 
vibrating screens and washed in two 
Montgomery single-cell jigs, and the 
3¢-in. to o slack is cleaned on four diagonal 


1 References are at the end of the paper. 


; 
+ 

4 
a 
i 

, 

j 
q 


<font a LL tgs mettle + 


ee ee ee 


B. W. GANDRUD AND H. L. RILEY 309 


deck tables. Under normal operating 
conditions of two shifts per day, the jigs 
and tables give a daily output of about 
tooo tons of 3-in. to o washed coal. At the 


The water in the pond is replenished as 
needed by means of a pump line from the 
Mulberry fork of the Warrior River. 
The 6-in. slurry line is tapped at a point 


Fic 1—VIEW OF EMPIRE PREPARATION PLANT WITH SMALL FLOTATION UNIT IN THE BACKGROUND 
TO THE RIGHT. 


time of the slurry investigation the minus 
114-in. size in the washed jig coal was 
being removed by means of a trommel 
screen and run into the washed-slack 
bin with the minus 3¢-in. washed coal 
from the tables. The resulting 11¢-in. 
to o slack was sold partly to steam plants 


and partly to by-product-coke plants. 


There are two settling tanks, one for 
the jigs and one for the tables. The over- 
flow water from both tanks and from the 
elevator boot, into which both the jig 
and table refuse discharge, empties into 
a small surge tank from which it is picked 
up by a soo-gpm centrifugal pump. 
Through a 6-in. pipe line this pump 
boosts the slurry to the top of a high 
ridge back of the washer, where it is 
discharged and flows into a settling pond. 
This settling pond acts as a gravity 
reservoir from which the water supply 
for the entire preparation plant is obtained. 


slightly below where it crosses the top of 
the ridge, and about 4oo gpm of slurry 
water is piped along the side hill about 
100 ft to where it discharges by gravity 
into the flotation machine. Fig 1 is a 
view of the main preparation plant, 
showing also the small structure on the 
side hill which houses the flotation unit. 


EXPERIMENTAL WORK 


At the start of this investigation it was 
recognized that there should be no difficulty 
technologically in recovering clean coal 
from the slurry water by means of froth 
flotation. The most difficult problem 
seemed to be how to adapt froth flotation 
to the small-scale requirements at Empire 
so that it would be practical and feasible 
from the dollars-and-cents standpoint. 
It appeared that the usual scheme of 
dewatering a flotation product by thicken- 
ing and vacuum filtering would be too 
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expensive. The only promising alternative 
seemed to be to use a bed of washed slack 
as a means of recovering and filtering the 
fines out of the flotation froth. The filtering 
action of slack is obvious around most 
wet preparation plants where practically 
clear water can be seen running or dripping 
out of the bottom of washed-coal bins 
and loaded railroad cars. It was, therefore, 
decided to try the simple expedient of 
running the flotation froth into the washed- 
slack bin while maintaining in the bin 
at all times a sufficient bed of the washed 
slack to serve as a filtering medium. 
Samples of the slurry water were first 
obtained for tests with a small, 250-gram, 
laboratory, mechanical flotation cell. The 
percentage of solids in the samples varied 
from 1.7 pet to 3.2 pct, with an average 
of 2.6 pct. Ash analyses of the solids 
ranged from 12.4 to 20.5 pct, with 16.3 pct 
as an average. Screening tests showed the 
slurry solids to be extremely fine-sized. 
A typical screen-size test is shown in 
Table 1. 


TABLE 1—Screen-sizing Test on Solids 
from Setiling-tank Overflow 


Cumulative’ 
t, Pct 


It will be noted that 78 pct of the material 
is minus .200-mesh. This minus 200-mesh 
material analyzed 25.2 pct ash. The sizes 
coarser than 200-mesh gave a composite 
ash analysis of 3.8 pct. 

All samples responded readily to treat- 
ment by froth flotation, using pine oil 
as the reagent. The results of a typical 
test with a 250-gram mechanical cell 
were as follows: 


FLOTATION TREATMENT OF WASHERY WATER 


Ash, 
Product Wt, Pct | Moisture-free 
Basis, Pct 
Composite feed...... 100.0 16.8 
Cleaned coal........ 76.4 sg) 
Retuse vay cate teats 23.6 60.3 


In this test pine oil was used as the reagent, 
at the rate of o.5 lb per ton of solids in 
the feed. 

At the conclusion of the laboratory 
tests an experimental 5-ft Forrester-type 
pneumatic flotation cell was built out of 
2-in. planks at the mine and set up ad- 
jacent to the main preparation plant. 
Air for this machine was supplied by a 
size 21031 Sturtevant centrifugal blower 
of a type used for experimental purposes 
at the Bureau of Mines Southern Experi- 
ment Station. A cross section of the 5-ft 
cell is shown in Fig 2. 


TESTS WITH EXPERIMENTAL UNIT 


Many tests were run with the 5-ft 
machine to determine the effects of 
various factors such as rate of feed, volume 
of air and amount of reagent used. The 
results, although not quite so good as with 
the small laboratory cell, were nevertheless 
quite satisfactory on feed rates up to 
125 gpm slurry. The amount of reagent 
used varied from 0.56 to 1.35 lb of pine 
oil per ton of solids in the slurry, and 
there seemed to be no particular advantage 
in using more than one pound per ton. 
Effects of varying the amount of air 
were reflected in the ash analyses of the 
flotation products and in the recoveries. 
With other variables held constant, an 
increase in the air volume always lowered 
the grade of the floated coal, giving a 
product of higher ash analysis, but on 


the other hand increasing the recovery — 
by giving a refuse with less coal in it. — 


Decreasing the air volume always resulted 
in exactly the opposite effect. Results 
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of a typical test with the 5-ft machine 
were as follows: ; 


eee 


Ash, 
Product Wt, Pct Moisture-free 
Basis, Pct 
Composite feed...... 100.0 15.4 
@leaned coal. ¥.... 71.0 3.9 
PNCLUSCDe eiAeae. 4c. . 29.0 43.6 


The feed rate in this test was 94 gpm 
slurry. The percentage of solids in the 
feed was not determined for this run but 
was probably close to the average 2.6 pct. 
The pine-oil consumption was 0.73 Ib 
per ton of solids in the feed. 

After starting operations with the 5-ft 
machine, it soon became evident that the 
main problem would be the handling of 
the froth from the machine to the washed- 
coal bin. The machine was on the opposite 
side of the main preparation plant from 
the washed-coal bin, so that there was a 
distance of about too ft from the machine 
to the bin with practically no slope. An 
attempt to pump the froth over to the 
bin with a centrifugal pump was only 
partly successful. To facilitate pumping, 
the froth was run into a circular steel 
surge tank of about 250 gal capacity. The 
pump intake pipe was connected near 
the bottom of the tank, with the idea 
that by pumping at the proper rate the 


_ froth would be retained in the surge 


tank long enough to break up and be 
sufficiently liquid at the pump intake 
for the pump to handle it. However, 
at times the pump removed the product 
in the surge tank too rapidly and thus 
lowered the level of the liquid in the tank 
to approximately the level of the pump 
intake. Then the pumping would stop 
as a result of the froth’s getting into the 
pump and the pipes. Following such a 
sequence of events it was sometimes neces- 
sary to employ a jet of fresh water inside 
the tank to get pumping started again. 
In spite of this difficulty, the 5-ft machine 
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was operated long enough to show quite 
conclusively that the fine coal in the 
flotation froth could be recovered and 
dewatered in the washed-coal bin and 
long enough to suggest the next step in 
the investigation. Under average con- 
ditions the froth from the 5-ft machine 
represented a water volume of 8 to 10 gpm 
and its discharge into the slack bin had 
no effect on the appearance of the water 
running out of the bottom of the bin 
provided there was as much as a 2-ft or 
3-{t bed of slack in the bin to act as a 
filtering medium. Under these conditions 
the drainage out of the bottom of the 
bin looked clear as tap water. The slack 
bin at Empire is built out of roughly 
matched 2-in. planks and holds about 
60 tons of coal when full. The unloading | 
gates in the bottom are flat, horizontal, 
steel gates which slide in and out of 
wooden frames. 

As to the problem of handling the float 
product from the machine to the bin, 
it appeared that the only economical, 
reliable, and trouble-free system would 
be to have the flotation machine at a 
high enough elevation so that the froth 
would run by gravity into the washed-coal 
bin. A few experiments with this material 
showed that it would flow freely down a 
launder having a 13.0 pct slope. Con- 
sequently, when the company decided to 
purchase a 12-ft, factory-made, pneumatic 
or ‘‘air-lift” machine from the South- 
western Engineering Co., plans were made 
to install it high enough up the hill to 
the rear of the preparation plant to give 
a minimum 13 pct slope down to the top 
of the washed-coal bin. Along with this 
machine was purchased a Roots Con- 
nersville positive volume blower for supply- 
ing air. Air requirements for the 12-ft 
machine were expected to be about 600 cfm. 
As a part of the installation, an open 
wooden launder was built for fluming the 
float product into the. washed-coal bin 
by gravity. It is noticeable in Fig 1 that 
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the lower end of this launder has rotted 
and been replaced by a 5-in. cast-iron 
pipe. The 6-in. slurry pipe was tapped 
near the top of the hill, and the slurry 
feed flows by gravity through a pipe 
from there down to the flotation machine. 
Fig 3 shows a cross-section and longi- 
tudinal view of a Southwestern air-lift 
machine like the one installed at Empire. 


RESULTS WITH THE 12-FOOT PNEUMATIC 
MACHINE 


The operating results with the 12-ft 
Southwestern Engineering Co. machine 
do not differ significantly from those 
with the 5-ft experimental machine with 
the exception of its increased capacity. 
It has 24 linear ft of froth overflow lip 
_ compared with ro ft for the 5-ft machine. 
The capacity of the 12-ft machine is 
somewhat higher than this relation indi- 
cates, being on the order of 400 gpm slurry. 
Figures are not available for comparing 
the two machines on a volume basis. 
An average set of samples from operations 


with the 12-ft machine on a feed of 410 gpm , 


slurry showed the following recovery and 
ash analyses: 


Ash, 
Moisture-free 


Product Wt, Pct 


Basis, Pct 
Composite feed...... 100.0 16.3 
Cleaned coal........ 74.2 4.4 
RELUSC anita; ctclneti 25.8 40.5 


The froth product in this run contained 
18.5 pct solids. Pine oil was consumed 
at the rate of 1.36 lb per ton of solids 
in the feed. On a normal feed of 400 gpm 
slurry, containing 2.6 pct solids, the 
recovery of cleaned coal is about 3900 Ib 
per hr on a dry-coal basis. The amount of 
water discharged along with this amount 
of coal is about 35 gpm. The froth flows 
by gravity down the launder into the bin 
without any settling-out tendency or 
trouble of any sort, and the bed of washed 
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coal in the bin apparently recovers and 
dewaters the solids effectively. Efficient 
recovery should not be expected, of course, 
unless a bed of coal several feet thick is 
maintained in the bin at all times. Under 
these conditions bin drainage does not 
seem to be impaired and water running 
out of cracks in the bottom of the bin 
looks perfectly clear. A check on the 
amount of solids in this drainage water 
has been made by catching a sample in a 
bucket suspended under the bin. The 
water showed a “solids” content of only 
0.1 pct. 


SULPHUR AND FUSAIN 


There has been no real sulphur problem 
at Empire since the coal is of the low- 
sulphur variety. Seam samples show on an 
average about 1.0 pct total sulphur. 
However, two samples, one of the slurry 
feed and the other of the float coal, were 
analyzed for sulphur. The analyses showed 
0.7 pct and o.6 pct sulphur in the feed and 
float coal, respectively. There was ap- 
parently no tendency for the sulphur to 
concentrate in the cleaned coal. 

One peculiarity about the coal in the 
Empire slurry water is its high fusain 
content. This isnot surprising in view 
of the petrographic character of the Black 
Creek bed at Empire. Petrographic ex- 
aminations by the Bureau of Mines on a 
column sample in 1932 showed that 
approximately 1o pct of the coal substance 
in the column was fusain (p. 15 of ref. 1). 
The fusain is distributed throughout the 
bed in lenses and partings of variable 
thickness, but generally not more than a 
few hundredths of an inch thick. It is 
extremely friable and much of it breaks 
up fine enough to become suspended in 
the slurry water. No tests have been made 
to determine the exact proportion of 
fusain to other constituents in either the 
slurry or the clean coal, but some volatile 
analyses have been made which are 
significant. A hand-picked sample of 
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fusain obtained from lumps of raw coal 
analyzed 14.3 pct volatile compared with 
38.0 pct volatile in the lumps with the 
fusain removed. An analysis of a sample 


323 


slurry feed to the flotation machine. 
The method of recovering and dewatering 
the coal in the flotation product is unusual 
in that the froth is flumed from the flotation 
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Fic 2—CROSS SECTION OF 5-FOOT EXPERIMENTAL PNEUMATIC FLOTATION MACHINE BUILT AT THE 
Emprre MINE. 


of the floated coal showed 23.6 pct volatile, 
indicating that about 61 pct of it was 
fusain. 


SUMMARY 


A small pneumatic flotation unit has 
been in operation at the Empire mine 
of the DeBardeleben Coal Corporation 
for the past 61% yr recovering fine 
coal from settling-tank overflow or slurry. 
This water, which formerly was pumped 
to a settling pond, contains about 2.6 pct 
solids and is treated in a 12-ft South- 
western Engineering Co. pneumatic flota- 
tion cell at the rate of about 400 gpm. 
“Ash analyses of the solids in the water 
average about 16.3 pct. The froth product 
from the pneumatic cell contains about 
18.5 pct solids, which analyze on an 
average 4.4 pct ash. The output of the 
cell is about 3900 Jb per hr of coal on the 
dry basis. This represents a recovery of 
about 74 pct of the total solids in the 


machine down to the washed-coal bin, 
where it discharges into the bin along with 
the washed slack from the jigs and tables. 
The fine coal in the froth is recovered and 
dewatered by the filtering action of the 
bed of slack in the bin. The recovered 
material is high in fusain and low in 
sulphur and ash. 
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DISCUSSION 
(D. R. Mitchell presiding) 


D. R. Mircuert*—My co-chairman ar- 
ranged this symposium on Froth Flotation 
and, in the beginning told me that I would 
have to give a little preliminary discussion of 
the subject as well as the answers. I told him 
_ I would set up the problem, but he still insisted 
that I was to give some of the answers. 

Froth flotation has had limited application 
in the United States despite a considerable 
amount of investigational work done during the 
past thirty years. At present there are four 
plants, two in the Pennsylvania anthracite 
region, one in the Pittsburgh, Pa., area, not 
presently operating, and one in Alabama. This 
condition is in sharp contrast to conditions in 
Europe and the British Isles where a great 
number of coal froth flotation plants are in 
operation. 

The reasons for this lack of application in 
the United States may be summed up briefly 
as follows: 1. Difficulties in marketing the 
extreme fine sizes either alone or in admixture 
with coarser sizes. 2. Cost of dewatering and 
handling the froth flotation concentrate. 
3. Indifferent test results in removing sulphur. 
4. Inability of the process as presently prac- 
ticed to clean successfully material finer than 
about 200 mesh in coal slurries. 5. Inability to 


* Pennsylvania State College, State College, 
Pa, : 
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clean successfully coal slurries containing a 
high percentage of clay. 

The adoption of antistream pollution legisla- 
tion in Pennsylvania and in other coal producing 
states, increased coal prices, and development 
of methods and equipment for using minus 
48-mesh coal has focussed attention on the 
froth flotation process as a means of cleaning 
and recovering fine sizes formerly wasted. 

As presently practiced and as proposed for 
new plants the general arrangement is to 
deslime at approximately 200-mesh, remove 
the approximately +35 mesh by screening, 
and then treat the approximately 35- X 200- 
mesh sizes in the flotation cells, floating the 
coal and depressing the impurities. Even under 
these conditions, particularly where clay and 
fine flake pyrite are present, it is often difficult 
to get an acceptable coal concentrate. 

This is the inevitable consequence of at- 
tempting to float the major constituent (coal) 
with attendant mechanical entrapment of 
refuse particles in the usually voluminous 
froth. Repeated cleaning of the froth is neces- 
sary where such conditions occur resulting 
in a complicated and costly flow arrangement. 
It is believed technically possible to reverse 
the procedure, floating the impurities and 
depressing the coal. This would eliminate the 
difficulties attendant to handling and filtering 
a coal-loaded froth, and remove the necessity 
of passing the primary froth to cleaning cells. 

There has been a slow accumulation of 
technical knowledge supporting these con- 
clusions and a limited number of tests in our 
laboratory indicate that floating the refuse 
and depressing the coal is not too difficult. 
These facts are known: Clay and other silicate 
minerals are easily floated by amines and other 
cationic type reagents. Coal can be depressed 
by a number of chemicals. Stannous chloride 
is particularly good. Pyrite is easily floatable. 
Also sodium cyanide is an effective depressor 
of pyrite. 

By the use of the contact angle method we 
find that oxidizing solutions such as potassium 
permanganate and reducing solutions such as 
hypophosphorus acid convert the coal surface 
so that a zero contact angle results with coal 
and an air bubble in water. Air bubbles usually 
give a contact angle on coal in water of 40 
to 60° depending on the rank of the coal and 
the history of the sample under test. 
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What is not known is the effect of the above 
mentioned collectors and depressors on the 
other minerals present in a coal slurry and the 
role to be played by pH regulating reagents 
in such a contemplated circuit. It is believed 
that a detailed laboratory investigation of this 
problem might bear fruitful results. 

It may seem a far-fetched idea to have 
upside-down froth flotation of coal, but con- 
sidering that even though coal is very easily 
floatable, in most cases the major constituent 
is being floated, usually 60 to 80 pct coal and a 
small amount of impurities that are being 
kept down in the pulp. Technically, clay is 
rather easy to float and that is one constituent, 
particularly in bituminous coals, that causes 
a lot of trouble. The idea does not seem to me 
to be too far fetched. Probably as the session 
continues, we shall have some further dis- 
cussion on this particular point. 


J. Grirren,* Co-chairman—I want to add 
something to what you have said. I hoped 
you would give some of the answers or at least 
explain what you have done technically in the 
laboratory to substantiate some of your general 
statements. In that way we could get some 
idea of the cost and economics in carrying out 
some of these new ideas. 

My feeling about this whole thing is that 
we have two problems, a technical problem 
and an economic problem. I also feel that as 
coal becomes more ‘and more valuable, some- 
thing that is very fine technically today may 
not be economical, but next year or the year 
after, it may be very interesting, economically. 

What I want to do is try to lay some of the 
technical groundwork on flotation of coal so 
that when the economics are ready, we shall 
be able to proceed. 


(J Gri iffen presiding) 


J. Grirren—Gentlemen, I think it has been 
quite interesting to find that such a simple 
plan can make a very satisfactory recovery, 
and I would now like to call for discussion. 


B. M. Birp{—Froth flotation today is 


*McNally Pittsburgh Mfg. Corp., Pitts- 
burgh, Pa. 
+ Jeffrey Mfg Company, Columbus, O. 
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assuming new importance, particularly because 


of the Pittsburgh area. There the steel com- 
panies are faced with a major problem in 
reducing sulphur, most of their low sulphur 
coals having been exhausted. The problem of 
removing pyrite did not come into Mr. Gand- 
rud’s paper but the solution is fairly straight- 
forward, as has been demonstrated by work at 
Battelle Memorial Institute. 

There was no difficulty in reducing the sul- 
phur from 1.8 to about 1.25 by using cyanide 
and lime. Of course, these reagents increase 
the cost of the flotation over what it would be 
with Mr. Gandrud’s simple process. 

The logical people, of course, to take up 
flotation are the steel companies. I have some 
figures for the cost of sulphur in steel making 
that are based upon the work that Joseph did 
in 1925, but corrected for differences in labor 
and materials. The cofrection is very rough, 
giving a figure twice as high as Joseph’s. It is 
20¢ per ton of pig for each 0.05 pct sulphur. 


J. Grirren—lIs that in coke or coal? 


B. M. Brrp—That is in coke but it really 
comes right back to coal for practical figuring 
because the percentage of sulphur in the coke 
is about the same as in the coal. By using 
1500 lb of coke per ton of pig one is back again, 
approximately, to the coal figure, so that in 
round numbers that figure applies per ton of 
coal. 

When steel companies are spending tre- 
mendous sums of money to reduce the sulphur 
as little as o.15 pct the great importance of 
going after the extreme fines is evident and 


‘this is a logical way to go about the problem. 


I might add that one problem that looms 
large in the application of flotation to coal 
washing is dewatering. The advent of the Bird 
centrifugal put out by the Bird Machine Co. 
in Walpole, Mass., seems to offer a positive 
out. In other words, there is no logical reason 
why the froth cannot be pumped along with 
the balance of the 44 X o right into the Bird 
centrifugal. 

I have a question or two for Mr. Gandrud. 
Have you made any tests with a higher solid 
content in the feed to see how it would affect 
the cost of operation? Higher pulp densities 
mean smaller machines and, as a result, less 
power. I might say that power should not be 
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overlooked in the operation of a flotation plant; 
it is one of the really big items. 


B. W. Ganprup (authors’ reply)—We did 
not make any tests to determine the possi- 
bilities of using thickeners. It is quite possible 
there would be a lot more capacity if the feed 
were thickened. 

We did not make any tests because we 
figured the use of thickeners would involve 
quite a bit more expense. 


H. J. Gister*—The solids in the flotation 
feed is unusually low (2.6 pct) but the data 
presented in this paper bear out the writer’s 
experience that flotation of fine coal requires 
a dilute pulp for best results. 

Possibly thickening the pulp to ro or 15 pct 
should be considered in this case. Greater cell 
capacity and lower fine oil consumption may be 
possible at the higher density. Has this phase 
of the problem been investigated at the Empire 
mine flotation operations? 


W. J. Parron{—The development of the 
simple, inexpensive methods of treating 
washery water solids by flotation at the Empire 
mine of the DeBardeleben Coal Corporation 
is a worthy accomplishment. These develop- 
ments should be thoroughly studied by any 
company planning the recovery of fine slurry 
water solids. They are of particular value 
to a small producer where small volumes of 
water and solids need be handled. Unfor- 
tunately, some of the practices developed 
at this particular plant appear to be impractical 
for larger installations. 

Several significant developments were dis- 
cussed in this paper: 

1. The dilute waste water carrying ap- 
proximately 2.5 pct by weight solids was 
treated by feeding it directly to the flotation 
cells. This practice is possible where small 
volumes of water are discharged from the 
cleaning plant and in cases where preliminary 
desliming is not required to remove colloidal 
clay particles. Our experience with the flotation 
of fine coal of the size treated at the Empire 
mine has been that efficient separation in 
relatively short flotation contact time is 
possible in the flotation of dilute pulps. 


* Denver Equipment Co., Denver, Colo. ; 
+ Nesquehoning Colliery, Lehigh Navigation 
Coal Co., Inc. ; 
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However, when dilute pulps are handled, 
larger cell capacity with consequent increased 
power consumption is necessary to obtain 
the contact time required to give satisfactory 
recoveries. For large installations, thickening 
of the slurry solids before flotation to reduce 
the volume would probably be more economical 
in the long run because of a reduced number 
of cells and power. 

2. The use of air cells for flotation of coal 
is of particular interest since most coal plants 
employing flotation have used the mechanical 
cell. However, the air cell has several advan- 
tages, such as: simplicity, low initial cost and 
low operating and maintenance cost. A new 
flotation plant recently placed in operation 
in the anthracite region is the first large 
plant on coal in this country using the air 
cell of the -Steffensen design. Metallurgical 
results for the two types of cells should be 
compared to serve as a guide in the design of 
future fine-coal recovery plants. 

3. Dewatering of the coal froth by dis- 
charging it directly to the slack bin (where 
the excess water drains through the bed of coal 
serving as a filter medium) is a simple way of 
solving the most difficult problem in recovering 
fine coal. This method requires no mechanical 
dewatering equipment and entails no extra 
operating cost. Unfortunately, this practice 
probably will be limited for use where only 
small volumes of froth are handled. In large 
flotation plants with 30 to 40 tons per hr 
of coal carried in 250 to 400 gpm of froth, the 
use of a slack bin for dewatering appears 
impractical. Some preliminary mechanical 
dewatering equipment would be necessary 
before blending the coal sludge or cake with 
the slack. 

4. No mention is made of the use of con- 
ditioning the raw feed pulp with the reagent 
before it enters the cells. Some premixing 
of the reagent with the feed pulp before flota- 
tion would most likely result in higher coal 
recoveries with a reduced consumption of 
pine oil. The use of a small proportion of fuel 
oil or kerosene with the pine oil would un- 
doubtedly further reduce pine oil requirements. 
However, it is likely that the use of oil was 
found to be objectionable at this operation 
due to an increase in the ash content of the 
product. 


B. W. Ganprup—We do not have any 
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conditioning except that the raw slurry dis- 
charges into a big barrel before it goes into 
a machine and the pine oil also discharges 
into this barrel. There is much agitation 
in the barrel and this is equivalent to some 
conditioning. 

I also want to say that I thoroughly agree 
with you that this method of recovering the 
fine sizes by flotation has very definite limita- 
tions. It is not an unmixed blessing at all 
and, as you say, if too much of the floated 
material was run into the washed coal bin, 
there would be trouble immediately. No doubt 
it adds a little more moisture to the slack coal 
so that it will have a little higher moisture 
content after it has been loaded into the rail- 
road cars. It might not work out well in the 
northern plants, at least in the wintertime, 
because of the possibility of freezing. It has 
very definite limitations. Further south, there 
can be an amount of water within 30 or 40 gpm 
if a fairly good bed is kept in the slack coal bin. 


B. M. Brrp—Mr. Gandrud will you discuss 
clay? Knowing the Black Creek coal region, I 
imagine you had something bordering on white 
paint there. 


B. W. Ganprup—No, the clay is not par- 
ticularly noticeable. If we tried to deslime, I 
do not think it would work. We should prob- 
ably lose most of the 200-mesh and con- 
sequently most of the coal. But the clay is not 
at all conspicuous in that plant now. It may 
have been, some years ago when you were 
there, but it is scarcely noticeable now. 


B. M. Brrp—This is not an open and shut 
answer to the problem of floating in the 
presence of clay. 


B. W. Ganprup—I doubt that the clay 
would interfere. It might but I do not know 
about that. 


D. H. Davis*—This paper is particularly 
interesting to me because it presents results 
with a pneumatic flotation machine whereas 
in the other two papers of this session, the 
results of mechanically agitated machines 
were the subject of the papers. 

The feed pulp is extremely dilute, 2.6 pct 
solids, and no doubt this is the reason for such 
a clean concentrate. The ash reduction is 


* Pittsburgh Coal Co., Library, Pa. 
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very good and likewise the tailings are reason- 
ably high in ash content. More data on various 
mesh sizes would be of interest as well as some 
data on a balance of solids and water in respect 
to gallonage or tonnage. 

It appears to the writer that the most 
significant point presented is the increase in 
solids content from 2.6 pct in the feed pulp 
to 18.5 pct in the froth concentrate. This 
would indicate an exceptional separation of 
the froth from the pulp. At 18.5 pct solids a 
filter may be operated but not at a very high 
capacity. The writer was privileged to observe 
the operation of this unit several years ago; 
the action and performance of the pneumatic 
Forrester type cell appeared to be excellent, 
particularly under the conditions of such alow 
per cent solids in the feed. _ 

The authors are to be commended for pre- 
senting this interesting paper on flotation in 
Alabama. 


W. L. Remicx*—I would like to add some- 
thing to that clay discussion. Just twenty 
years ago I ran a flotation test at the Bradford 
mine on the Black Creek coal. That was the 
entire range of sludge from ro in. to o in size. 
There was so much clay that the water drained 
down through 16 ft of coal in the bin and 
came out like milk. As the coal was floated, the 
clay was entirely rejected. It made a froth 
under 3 pct ash and apparently rejected the 
clay. Had it been any other kind of clay, it 
might be a different story. 


S. C. Sunj—I think it is interesting that 
in your concentrate you have about 60 pct of 
fusain because fusain has been considered as 
one of the undesirable petrographic constit- 
uents in the process of coal hydrogenation. The 
finding of a simple process for the removal of 
fusain from coal may contribute something to 
the field of coal hydrogenation. 

At the Pennsylvania State College, I am 
carrying on the research work of coal flotation 
and particularly on the removal of fusain from 
coal. However, the final conclusion has not 
been formulated as yet. 

I wish to ask you one question. Do you think 
that fusain has a better floatability than the 


* Roberts and Schaeffer Co., Chicago, Ill. 
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other petrographic constituents such as clarain, 
vitrain, and durain? Furthermore, do you 
have any estimation of the content of fusain 
in your feed? 


B. W. Ganprup—I am not positive about 
this, but I think the fusain is a whole lot finer 
in size and because of this it tends to float 
better in a pneumatic machine than the other 
sizes. That is probably one reason that the 
fusain is concentrated in the floated product. 
Just how much fusain there would be in the 
feed, I do not know. I do not recall what is the 
analysis, but there is a lot of fusain in the feed— 
probably 40 to 50 pct. 


S. C. Sun—From the data of my research 
work, it would appear that the floatability of 


fusain in distilled water without the addition of’ 


activators and chemical collectors, is somewhat 
lower than that of the other petrographic con- 
stituents of coal. Although my research work is 
still in progress and my data may not be suffi- 
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cient to draw a conclusion I think the con- 
ception that more fusain in the concentrate 
may be caused by some other factor than 
floatability is probably right. As to the other 
point concerning the amount of coal in the 
flotation pulp, my laboratory data indicated 
that the pulp consists of 10 up to 15 pct of 
coal by weight. 

Mr. Bird mentioned something about the 
use of lime. and cyanide for the depressing of 
pyrite. I should like to know what pH value 
was used. 


B. M. Brrp—I cannot answer that definitely. 
It was a little above 7, I think. 


S. C. Sun—I think it should be, because 
pyrite floats better on the acid circuit. There- 
fore, this brings us back to the point mentioned 
by Professor Mitchell. Since the amount of 
pyrite presented in most coal is rather small, 
we should try to float the pyrite instead of 
coal. 


Froth Flotation of Minus 48-mesh Bituminous Coal Slurries 


By D. H. Davis,* MemBer AIME 
(New York Meeting, March 1947) 


THERE are two general types of oil 
flotation processes, froth and bulk-oil. 
In froth flotation, the coal concentrates 
are removed in the form of a froth or 
foam composed of air, liquid, and solids. 
Mechanical or pneumatic agitation of a 
coal slurry with suitable frothing agent 
causes a selective action of the bubbles 
to the coal particles which are carried 
to the upper portion of the pulp in the 
flotation cell; the refuse is wetted by the 
water and does not rise with the froth, 
but goes out as tailings. The other type 
of flotation process, bulk-oil, consists of 
thoroughly mixing the slurry or pulp 
with 30 to 5o pct of its weight of oil. 
The coal agglomerates with the oil and 
drops to the bottom of the cell while the 
refuse is wetted by the water and is 
carried away in suspension. The con- 
centrate granules may be screened and 
drained to 12 to 15 pct moisture. The 
minus 200 or 300-mesh is very effectively 
treated by this process. The Trent process 


is a bulk-oil type which has been used — 


for coal cleaning on a commercial basis, 
but its use has been discontinued in this 
country. 

Froth flotation of bituminous coal 
should be subdivided into two distinct 
fields: (1) separation of a dry coal product 
such as recovered from an aspiration 
system; (2) separation of a minus 48-mesh 
slurry such as produced from a thickener 
in a wet cleaning plant. The capacities, 


Manuscript received at the office of the 
Institute February 13, 1947. Issued as TP 2209 
in CoaL TECHNOLOGY, August 1947. 
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performance, and general operating char- 
acteristics are very different in these two 
fields. The recirculated slurry in a washery 
becomes oxidized and is much harder to 
treat than a dry dust. It is difficult to 
clean a slurry containing an appreciable 
percentage of plus 48-mesh without also 
floating some high-ash clays minus 200- 
mesh in size. On the other hand, while 
working with an aspirated dust, good 
results have been obtained in floating 
coal as coarse as 34,-in. Because of the 
relatively low capacity of flotation ma- 
chines as compared with conventional 
fine-coal cleaners and because of the 
greater quantity of reagents required to 
float coarse coal, there is usually no point” 
in considering flotation on bituminous 
coal for anything coarser than approxi- 
mately 48-mesh. In some coal-cleaning 


plants, good separations are being made 


down to 80 or even too-mesh by a less 
expensive system of coal cleaning than 
flotation. 

The Pittsburgh Coal Co. carried out 
extensive tests on laboratory batch ma- 
chines and on small units of both pneu- 
matic and mechanical agitation types 
from 1930 to 1935 and have operated six, 
eight, and then twelve mill-size mechanical 
subaeration cells from 1932 to 1944. This 
paper will deal with some of the operating 
phases and results of coal-flotation prac- 
tices as derived from this experience, and 
more specifically with the flotation practice 
at the Champion No. 1 preparation plant. 
The experience gained from the research 
and initial experimental work contributed 
greatly to the successful operation of the’ 
mill-sized flotation units at Champion. 
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WATER-SETTLING SYSTEM OF WASHERY 


In the Rheolaveur system used at 
Champion, all the minus 3¢-in. coal with 
the water used in the coarse and fine 
coal cleaning circuits enters a series of 
elevators boots, which make a size classi- 
fication of the solids at approximately 
48-mesh. Part of the overflow from the 
boots is returned to the Rheolaveur circuit 
for coal cleaning, but approximately 
30 pct is continually diverted to a system 
of thickeners for classification of the solids 
and for recovery of clarified water. 

Fig 1 shows a flowsheet of the thickeners 
and flotation plant. Feed to the thickeners 
enters No. 1 thickener (60-ft diam); a 
portion of the overflow is returned to the 
clarified-water sump for reuse in the 
Rheolaveur plant, while the remainder 
of the overflow is distributed between 
No. 2 thickener (35-ft diam), and No. 3 
thickener (85-ft diam). The solids that 
settle in these thickeners are removed 
from the underflow pipes as a slurry 
containing from 35 to 45 pct solids. 

Table 1 shows typical data on the 
operation and products of these three 
thickeners. No. 1 thickener is being 
operated as a classifier with a feed of 
4ooo gpm from the 3¢-in. to o coal boots’ 
overflow. Overflow from the No. 1 thick- 
ener is divided as follows: 250 gpm is 
fed into the No. 2 thickener, 600 gpm 
goes to the No. 3 thickener and the re- 
mainder is returned to the plant clarified- 
water sump. In addition to the 600 gpm 
from the No. 1 thickener overflow, No. 3 
thickener receives 150 gpm from a 3¢-in. 
to o refuse boot overflow and 350 gpm 
of flotation tailings. The overflow water 
of the No. 2 and 3 thickeners is clear 
containing practically no solids. The 
operation of No. 1 thickener as a classifier 
with a high gallonage of feed results in 
the No. 1 thickener underflow being the 
coarsest product, that is, it contains the 
least percentage of minus 200-mesh, 
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and is the lowest in ash content (14.1 pct 
ash). No. 2 thickener underflow contains 
25 pct ash and is the lowest in tonnage of 
solids. The underflow of No. 3 thickener 
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Fic 1—FLOWSHEET OF FROTH-FLOTATION 
UNITS AND WATER SYSTEM AT CHAMPION No. 
I PREPARATION PLANT. 
Feed-portion of Overflow from Fine Coal 
(3g X oin.) Boots. 


contains the highest percentage of minus 


200-mesh in which colloidal clay con- 
taining over 30 pct ash is concentrated. 


FLOTATION FEED 


Usually the feed to the flotation cells 
consists of either all or part of the com- 
bined underflows from No. 1 and No, 2 
thickeners. Normal practice is to send 
the tailings from the flotation plant to 
No. 3 thickener, but at various intervals 
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the tailings have been sent to No. 2 
thickener and the underflow from No. 2 
sent to waste. By such an arrangement, 
it was possible to feed the underflow of 


TaBLE 1—Typical Data on Thickener 
Operation, Sieve Analyses and Ash of 
Thickener Underflows 


Feed Overflow | Underflow 
es dy a 
yler Mes 
Wt Wt Wt 
Pct Ash Pct Ash Pct Ash 


No. 1 Thickener (60 Ft Diam) 
Feed—4000 gpm From 3g in. to o Coal Elevator 
Boots’ Overflow 


(To 
Flotation) 
Head...........-|100.0/21.6}100.0/22.3 14.1 
On 48 mesh....../Trace 8,01\ 5.2 
On 100 mesh..... 8.0] 5.9] 2.0] 7.1] 38.0] 6.2 
On 200 mesh..... I2.0|10.1| 12.0] 7.6] 27.0|13.1 
Thru 200 mesh...| 80.0/24.9| 86.0|/24.7| 27.0/30.6 
Pet solids... .)ic8- 8.2 6.7 37.8 
BE D21's arterotoveustnleelare 4000 3792 208 
tons per hr....... 21.8 


No. 2 Thickener (35 Ft Diam) 
Feed—250 gpm of No. 1 Thickener Overflow 


(To 
Flotation) 
Plead ines ut.sse ola 100.0|22.7 100.0/23.9 
On 48 mesh...... Clear 
On 100 mesh..... Water 
On 200 mesh.....| 8.0} 7.6 8.0] 8.6 
Thru 200 mesh...| 92.0/24.7 92.0/25.0 
Petisolids ss srs 5\<014 6.7 0.0 29.9 
PUL oeicae he eae 250 218 32 
tons ‘per ir.....1.'- 2.6 


No. 3 Thickener (85 Ft Diam) 
Feed—6o0o0 gpm 60 Ft Thickener Overflow, 150 gpm 
84 in. to o Refuse Boot Overflow, 350 gpm Flotation 
Tailings 


1 EKG ES ene 
On 48 mesh...... 
On 100 mesh,.... 
On 200 mesh..... 
Thru 200 mesh... 


Pctisolids...cacnn. 


POON es Mutteziaie 
tons per hr....... 


No. 3 thickener to flotation, thereby 
cleaning in flotation a product of high 
ash content and consisting of a high per- 
centage of minus 200-mesh. By such 
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variations of the water circuit, it has 
been possible to operate flotation on 
feeds of various characteristics. 


VARIATION OF FLOTATION FEED 


Coal washers are not operated con- 
tinuously over a 24-hr period and because 
of this discontinuous process there is a 
wide variation in the density of thickener 
underflow pulps and the size consist of 
the solids throughout the operating hours. 
This variation in the pulp density and 
size consist of the solids takes place from 
hour to hour during each day and from 
day to day during the week and is caused 
mostly by the intermittent rather than 
continuous operation of the thickeners. 
It is also affected by the operation of the 
coal-cleaning and water-settling equipment 
such as the amount and variation of draw- 
off from the thickeners, build-up of solids 
in the washery water that results in a 
coarser feed to the thickeners, and the 
method of slurry withdrawal and dis- 
posal. All these factors influence the type 
of product produced in and removed from 


the thickeners. The conditioner ahead of. 


the flotation cells serves as a surge tank 
for evening out some of the variations 
in the flow of slurry from the thickeners 
to the flotation units in addition to its 
prime purpose of providing a means for 
intimate mixing of the flotation feed with 
flotation reagents. 


FUNCTION OF REAGENTS 


Reagents are added to the feed pulp 
and dilution water ahead of the condi- 
tioning tank. Careful regulation’ and 
control of reagents are most important 
and this is readily accomplished by the 
use of bucket-type reagent feeders. 

A brief summary of the various classes 
of flotation reagents may be of interest. 
Frothing agents are used for the produc- 
tion of foam without which no flotation 
is possible. Pine oil, cresylic acid, anilin, 
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toluidine, and synthetic alcohols are 
examples of frothers. 

Collecting agents are used to gather 
certain minerals in the foam and some- 
times react to form an unwettable surface 
causing adherence to air bubbles. Fatty 
acids and soaps such as xanthates are 
examples in mineral flotation. In coal 
flotation, water gas tar, spray oil, and 
fuel oil are the most common collectors 
used. 

Depressing agents are used to retard 
or prevent the collection of certain min- 
erals; sulphites, cyanides, alkali silicates, 
sulphates, and lime are examples. In 
coal flotation pyrite depression is the 
most important use for depressants. 

Glues and starches known as protective 
colloids have a strongly depressing action, 
being absorbed by the mineral particles 
which show no tendency to float. In 
some cases, dispersing reagents are used 
to release oils and disperse the pulp. 
Agents such as sodium carbonate, sodium 
silicate, sodium cyanide are used for 
dispersion. ; 


CONDITIONING THE FEED 


At Champion the underflow from the 
thickener or thickeners that is to be 
cleaned by flotation is pumped at a pulp 
density from 35 to 45 pct solids to the 
2000-gal cylindrical conditioning tank 
operating on the “hydrotator” principle. 
The slurry, dilution water, and flotation 
reagents are fed together into a small 
tank and then into the conditioning tank. 
Intimate contact and mixing is accom- 
plished by the circulation of the pulp 
through the pump, pipes, and jets of the 
conditioning tank. The conditioner is of 
sufficient capacity to permit about 5 
or 6 min retention time for the physical 
and chemical reactions to take place 
between the reagents and the pulp. The 
conditioner also acts as an equalizer 
between the thickener and the flotation 
units. 
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The laboratory investigations of flota- 
tion which preceded the operating phase 
established the basic flowsheet for the 
mill flotation circuit and indicated that 
retreatment of a primary concentrate is 
necessary in order to make a reasonably 
good separation between coal and refuse. 
In the experience of the Pittsburgh Coal 
Co., it has been practically impossible to 
effect a good separation with respect to 
both coal and refuse on one pass through 
the machine, just the same as in many 
other coal cleaning processes for fine coal. 
Also, it has been found advisable to 
reclean the middlings from the cleaner 
cells as these middlings are too low in ash 
to discard as refuse. 

The flotation plant at Champion con- 
sists of two banks of six cells operating 
in parallel, each bank being operated 
as one unit independent of the other 
bank. The cells used are of the mechanically 
agitated subaeration type, 43 by 43 in. 
in cross section at the bottom of the cell 
with concentrate discharge on two ‘sides 
of the cell. A multicell arrangement is 
possible with this type of flotation machine 
and concentrates from rougher cells may 
be flumed so as to enter cleaner cells 
through middling return openings. The 


-multicell arrangement of the cells is 


shown by the flowsheet (Fig 1). Feed 
enters the third cell and cells No. 3, 4, 5, 
and 6 are operated as “rougher” cells 
producing a primary concentrate. The 
primary concentrate is diluted with filtrate 
water and flows by gravity to cells No. 
1 and 2 where the primary concentrate 
is recleaned to produce a final concentrate. 
Cells No. 1 and 2 are designated as 
“cleaner” cells. The middlings produced 
from No. 2 cleaner cell joins the primary 
flotation feed to No: 3 cell. The refuse 
passes progressively through cells No. 3, 
4, 5, and 6, where it.is discharged as a 
final tailings. Several combinations of 


i 
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found that “where the actual condition 
in the cells is based on from ro to 12 pct 
solids (by weight), the best results are 
achieved in the flotation cell.”” Operating 
experience has indicated that 18 pct 
solids is about the maximum desirable 


“rougher” and ‘‘cleaner” cells were 
tried in the experimental work with small 
cells, but the flowsheet described was 
found to give the best results at the 
greatest capacity. One bank of cells is 
numbered 1 to 6 inclusive and the other 


TaBLE 2—Summary Data on A Series of Tests with Various Thickener Underflows as 


Flotation Feed 
Final : Re- : ; 
Feed Concen- pe covery, Solids, Pct Gallons per Minute Dry Tons per Hr 
trates a Pct 
Test 
No. : 
Sul- Sul- Sul-| (Ash Final) Final Final| Final] ¢ Final} Final 
Ash phur Ash phur Ash phur| Basis) Feed Conc.} Tails Feed Conc.| Tails ino Feed Conc.} Tails 
No. 1 Thickener Underflow—Flotation Feed 
I I2.5| 2.7| 7.4] 2.2/48.1) 4.8] 87.5 | 24.1) 27.7] 6.0 
al 132.1 6.4 BE Ly. 87.4 | 22.0} 39.6] 2.4 . 
3 12.6] 2.7| 7.6] 2.4]/72.0] 5.6] 92.2 | 31.5] 36.5] 3.1 | 204 | 162 | 180 | 138 | 17.5] 16.1] 1.4 -§ 
4 13.1 7.6 52.1 87.6 | 36.2] 36.9] 6.3 | 187 | 161 | I5s2 | 126 | 18.8) 16.4] 2.4 : 
Nos. 1 and 2 Thickener Underflows—Flotation Feed 
5 14.7| 2.7| 7.5] 2.2/78.8] 5.9] 80.6 | 18.3] 33.7] 1.8 | 446 | 208 | 486 | 248 | 21.4] 19.2] 2.2 
6 13.6] 3.0] 7.8] 2.4/67.0| 6.3} 90.1 | 25.2] 38.1] 3.0 | 296 | 202 | 292 | 198 | 22.3] 20.1] 2.2 
7 14.6] 2.6] 7.1] 2.2/48.1] 4.6] 81.7 | 21.5] 34.7] 4.4 | 319 | 164 | 305 | 150 | 18.6] 15.2] 3.4 
8 I5.7| 2.6] 7.8] 2.3}48.2] 4.4] 80.5 | 20.1] 31.8] 5.1 | 412 | 203 | 324 | 115 | 21.8] 17.6) 4.2 
9 14.7| 2.6] 7.6] 2.3]52.8] 4.7] 84.3 | 20.6] 32.1] 4.0 | 402 | 212 | 335 | 145 | 22.0} 18.6] 3.4 
Io 15.2] 2.7| 8.4] 2.4/72.4] 5.4] 80.4 | 22.4] 31.9] 3.6 | 420 | 266 | 287 | 133 | 24.8] 22.2] 2.6 
Il 14.7| 2.7| 8.0] 2.3/66.2] 5.1] 88.5 | 22.9] 32.5] 3.9 | 388.| 244 | 274 | 130 | 23.8] 21.1] 2.7 ‘ 
12 I4.5| 2.6] 7.6] 2.2/71.3] 5.0] 80.1 | 20.6] 29.3] 2.6 | 384 | 241 | 321 | 178 | 20.8] 18.6) 2.2 
13 14.6] 2.6] 7.2| 2.3]54.0] 4.6], 84.2 | 22.2] 32.0] 4.2 | 354 | 202 | 314 | 162 | 20.9] 17.6| 3.3 ‘ 
14 15.0) 2.7| 8.8) 2.3|64.8] 5.7] 86.4 °| 22.0] 32.9] 4.3 | 352 | 107 | 257 | 102 | 20.6! 17.8] 2:8 
No. 3 Thickener Underflow—Flotation Feed 
15 18.3] 20.7| 6.0 | 242 | 127 | 208 7.0| 4.6 
16! 19.3 4.8 


1 Six cells only being operated. 


bank 7 to 12 inclusive; in the latter bank,: 
the feed enters No. 9 cell, primary con- 
centrate is produced from cell No. 9, 
10, 11, and 12, and recleaned in cells 
No. 7 and 8. Cells No. 7 and 8 produce a 
final concentrate and a final tailing is 
produced from No. 12 cell. 


OPERATION AND RESULTS OBTAINED BY 
FLOTATION 


J. T. Crawford! stressed the importance 
of maintaining a dilute pulp in the cell 
in order to obtain the best separation and 

1 J.T, Crawford: Importance of Pulp Density, 


Particle Size and Feed Regulation in Flotation 
of Coal. Trans. AIME (1936) 119. 


pulp density when operating on a feed 
with 25 to 30 pct minus 200-mesh and 
most of the remaining solids between 48 
and 200-mesh. As a result of the addition 
of dilution water to the primary con- 
centrates and to the recirculation of 
middlings from the secondary cells back 
to the primary cells, the actual feed to the 
primary cells is of lower density than 
indicated by the percentage of solids of 
the primary flotation feed. Also due to the 
concentrates containing about 30 pct 
solids, the pulp density in the cell is 
considerably lower than in the primary 
feed. 


In operating the flotation plant at 
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TaBLe 3—Reagents Used in Tests of Table 2 
Reagents—Lb per Ton of Feed 
Frothers Collectors Depressants 
aot 
Oo. : ax Syn- : 
Perc Noid hcde Pine Spray Fuel Kero- Dry Ferrous | Ferric 
ci Oil INGA Oil Oil Oil sene Lime | Sulphate | Sulphate 
e No. 1 Thickener Underflow—Flotation Feed 
I 0.38 1.0 
2 0.40 LS 
3 0.45 0.90 0.30 | 
4 0.36 0.78 0.27 
Nos. 1 and 2 Thickener Underflows—Flotation Feed 
Be 0.42 0.52 0.18 
6 0.51 0.68 0.23 
of 0.40 0.60 0.20 
8 0.40 0.75 0.25 2.0 
9 0.24 0.60 0.20 2.0 
10 0.37 0.60 0.20 0.50 
“ 0.45 0.60 0.20 
2 0.43 I.03 0.34 0.48 
13 1.48 1.20 0.40 
: 14 0.45 1.20 
: No. 3 Thickener Underflow—Flotation Feed - 
s 15 0.40 1.60 
16 0.60 1.80 


TasLe 4—Analyses of Products, Flotation Test No. 5 
Feed: Nos. 1 and 2 Thickener Underflows 


Sieve Analyses—Tyler Mesh 
4 8 to 100 to : 
gE Products On 48 M aeaM BOGUNE Minus 200 M 
Solids Sul- | Wt Wt Wt Wt Sul- 
. ; Pet | AS | ohur | Pct |AS| Pot | ASP | Pet Ash pet | AS | phur 
Cell Nos. I, 2, 3, 4, 5,6 
Primary feed (to No. 3 cell).....--++--+- T8.3 \i4..7) 2e7 [20'S 8.6/34.5| 7-7|21.0|15-2 28.0|29.8| 4.9 
Middlings (No. 2 to No. 3 cell)........--- 2.0 |44.8] 4.3 | 9-5|34-0/31-5 36.7|15.5|35-4/43-5|59-1 6.5 
Primary ‘concentrates (No. 3-4 cells)...... 34.6 | 8.9| 2.4 |18.0} 4.1)35.0 6.0|/21.0/£0.1|26.0]16.0] 4.1 
Primary concentrates reclean No. 5-6 cells)| 32.7 |15-3| 3-8 16-0] 5.6|26.5| 7.6|18.0|17.2)39-5 25.7| 0.3 
Secondary concentrates (No. 1-2 cells)....] 33-5 7.6| 2.3 |17-0} 4.5|34-5 5.6/22.0| 8.5|26.5|12.2| 3-5 
Tailings (No. 6 cell).....---+-20+e++e05 1.7 |79.8| 5-6 6.5165.1134.0/78.8 15.5/79.8|44.0|72.8] 6.7 
pee 
a Cell Nos. 7, 8, 9, 10, I1, 12 
- Primary feed (to No. 9 cell)...-...+---+> 18.3 |14.7| 2.7 |16.5| 8.6/34.5| 7-7 21.0|15.2|28.0|29.8| 4.9 
MM Middlings (No. 8 to No. o cell).......---- 1.8 |34.3| 4.2 |10.0] 7-4/35.0/23.2 20.031. 2/35-0|53-5| 9-7 
= Primary concentrates (No. 9-10 cells)..... 37.2 | 8.6] 2.3 |20.0) 4.5)35-5 6.0|20.5|10.1|24.0|14.8 3.8 
Primary concentrates reclean (No. I1-12 
; ELIS static carelelelacStoraieysiete selene ue NCE 32.2 |14.7| 3-6 |16.5] 6.0|25.0 8.1/18.0|18.7|40.5|21.2| 5-6 
~ Secondary concentrates (No. 7-8 cells)....| 34-0 | 7-4] 2-1 |19.9] 4-5 35.0] 5.7/20.0] 8.8/26.0)12.0 3.5 
Tailings No. 12 cell).....-+---++seeee00> 1.9 |77.9| 6.2 | 2.0/60.2 29.0/75.8 17.0|77.9|52-0/80.4| 7-3 
Circuit: 
Two six-cell units operating in parallel. Feed to No. 3 and No. 9 cells. Froth from No. 3, No. 4, No. 5, and 
No. 6 recleaned in No. 1 and No. 2. Froth from No. 9, No. 10, No. 11, and No. 12 recleaned in No. 7 and 
No. 8. Secondary concentrates (final cleaned coal) from 2, No. 7, No. 8. Tailings (final refuse) 


. 


from No. 6 and No. 12. 


No. 1, No. 
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Champion, it was of great importance to 
maintain a final concentrate of sufficiently 
high percentage of solids that it could be 
sent directly to filters without thickening 
as there was no thickener available or a 
suitable location for one between the 
concentrate launders and the filters. 
Consequently, it was often impossible 
to operate the flotation units with a feed 
at the optimum density for best technical 


FROTH FLOTATION OF MINUS 48-MESH BITUMINOUS COAL SLURRIES 


and No. 2 thickeners and; (3) underflow 
from No. 3 thickener. In the latter case, 
the flotation tailings were sent to No. 2 
thickener, which received no feed except 
the flotation tailings. Table 2 gives a 
summary of data on a series of tests 
covering each of the three types of feeds 
and is presented to show the cleaning 
performance that has been obtained in 
day to day performance of regular mill 


Tas_eE 5—Balance of Solids and Gallonage, Flotation Test No. 5 


Products 


Rougher Circuit (Both Units) 


Primary feed (to No. 3 and No. 9 cells)............. 
Middlings (No. 2 to No. 3, No. 8 to No. 9 cells)....... 
Actual feed to No. 3 and No. go cells)...........+00-- 
Primary concentrates (No. 3, 4, 5, 6 cells)............ 
Latlings (No: 6; Nod.raicells) haniesvercie ea weidivine Mie otereiels 


Cleaner Circuit (Both Units) 


Primary concentrates puis. ZvAs18, 0 OCUB) eta dese the, 
Dilution water to (No. 1, 2, 7, 8 cells)......... esctale 
Actual feed to (No. 1 and a 7 cells)... + Mee 
Secondary concentrates (No. 1, 2, 7, 8 cells). rutin eee 
Middlings (No. 2, 8 cells) 


Solids 
Solids, 
tte Pet Tons p Feed 
ons per , 
Hr Pct Ash, Pct 
446 18.3 21.4 100.0 14.7 
263 rig i. + at 44.8 
709 12.3 22.7 106.1 16.7 
223 33.5 20.5 95.8 10.3 
486 1.8 a.2 10.3 78.8 
223 33-5 20.5 95.8 10.3 
248 
471 16.6 20.5 95.8 10.3 
208 33.7 19.2 89.7 7.5 
263 1.9 ais 6.1 44.8 


Reagents: 
0.42 lb per ton cresylic acid. 
0.18 lb per ton kerosene. 

0.52 lb per ton coal spray oil. 

Circuit: 

See Table 4. 


separation results. It was necessary rather — 
to operate at such “a density that the 
flotation concentrates could be filtered 
without too many difficulties and under 
this condition obtain the best possible 
cleaning. Thus a compromise in respect 
to density of the feed and filtering capacity 
had to be made to accomplish best overall 
results. It is very probable that better 
cleaning results could have been obtained 
if it were possible to operate at a lower 
percentage of solids in the feed in order 
to maintain the best density conditions 
for separation in the cells. 

Results for three general types of feeds 
are available: (1) underflow from No. 1 
thickener; (2) underflow from No. 1 


operation. Table 3 gives the reagent data 
for the corresponding tests of Table 2. 

In order to examine in detail the results 
that have been obtained, complete test 
information on test No. 5 is presented in 
Tables 4 and 5. The results of this test 
are considered quite satisfactory; with a 
feed of 21.4 tons per hr at 18.3 pct 
solids, a secondary concentrate of 7.5 pct 
ash and 2.2 pct sulphur and a tailings of 
78.8 pct ash and 5.9 pct sulphur were 
produced at a recovery of 89.6 pct. These 
results are attributed to the low pulp 
density in the cells where the separation 
between the various types of particles 
actually takes place. The dilution water 
added to the primary concentrates ahead 


~ 
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of the cleaner cells was 248 gpm, the 12.3 pct solids and to the cleaner cells 
highest dilution of any of the tests. The 16.6 pct solids. 

secondary concentrates contained 33.7 pct The results of test No. 15 on the No. 3 
solids and handled satisfactorily in the thickener underflow are shown in Table 6. 


TABLE 6—Analyses of Products, Flotation Test No. 15 
Feed: No. 3 Thickener Underflow 


Sieve Analyses—Tyler Mesh 


Products Solids,| Head On 48 M 48 to 100 M | 100 to 200 M |} Minus 200 M 
Pct Ash 
Wt Wt Wt Wt 
Pct Ash Pct Ash Pet Ash Pct Ash 
Primary feed (to No. 3 and 9g cells).| 18.3 | 25.0 aoe |} 2258 SiS 2229) | L455) |) 20.8.4) 725) e277:8 
Middlings (No. 2 to 3 and No. 8 to 
OP CELIS Ae i resaddeara Sere, sicko wn eaten 6.3 | 18.8 Se 5 uerOn 5 SSeS a se Set Take lease) 2060 
Primary concentrates (No. 3, 4, 9, 
MORGEDIS heats taster are mispeeei ete T7eS alt a0cn 1.0 8.6 AsO || TiSAUl Ass yh PLO} 5 D5 er 4u4 
Primary concentrates reclean (No. 
DO, at Tee Dee COLlS) vaicinnes Wee cane ot 25,3 eta. 6 3.0 6.1 S25 1. DOO 20.5 8.6 | 72.0 | ta O: 
Secondary concentrates (No. I, 2, 
PSE GCIES) ceicnite.c eure tise cue one BOs 8.7 I.0 7.8 2.5 8.0 | 52.0 7.9 | 44.5 9.1 
Tailings (No. 6 and 12 cells)......| 6.0] 50.1 | 38.5 | 50.2 9.0 | 48.1 01-08) 6700-48. 5 050.3 


Balance of Solids and Gallonage 
Rougher Circuit 


Solids 


Solids = 
Gpm y Reagents 
F Pet Tons | Feed, | Ash, 


per Hr} Pct Pct 


i feed (to No. 3 and 9 cells)...... 242 | 18.3 | 11.6 |100.0 | 25.0 | 0.40 lb per ton cresylic acid 
erie oe 2 to ea. 8 to gcells)...} 278 65.3) 4.5 | 38.8 | 18.8 | 1.601b per ton No. 2 Fue 
Actual feed to (No. 3 and 9 cells)........ 520 | 12.0 | 16.1 |138.8 | 23.2 
Primary concentrates (No. 3, 4, 5, 6,9, 10, : 

FATT, SHON) hasty vOlG eta Cen tic CRO tac Decree 2201) 10.3 | IL. 5 | 990e 2 ||| 12107 
Tailings (No. 6 and 12 cells).........-.-. 300 x) ANON iesO- 7 e500 


Primary concentrates (No. 3, 4, 5, 6,9, 10, 


SC NERD)) FN Pree cena uate ollennliri bate le iva foys\'o} a yfae 220 | 19.3 OO.r | 1257 
Dilution water (to No. 1, 2, 7, 8 cells)...| 184 
Actual feed to (No. 1 and 7 cells)........| 404 | II.0 OO 1) Pony 
Secondary concentrates (No. 1, 2, 7, 8 

GG) col aak Doe BUDE U plata oration Ort, efin 126 | 20.7 60.3 8.7 
Middlings (No. 2 and 8 cells)............| 278 6.3 38.8 | 18.8 


ircuit: :x-cell units operating in parallel. Feed to No. 3 and No. 9 cells. Froth from No. 3, No. 4, No. 5, 
tte ah es Seance No. Seats No. 2. Frothfrom No.9, No. 10, No. 11, and No. 12 recleaned in No. 7 
and No. 8. Secondary concentrates (final cleaned coal) from No. 1, No. 2, No. 7, and No. 8. Tailings 


(final refuse) from No. 6 and No. 12. 
vacuum filters; the final tailings were The primary flotation feed had a head 
very dilute at 1.8 pct solids. A sulphur ash of 25.0 pct and contained 72.5 pet 
reduction from 2.7 pct in the primary minus 200-mesh at 27.8 pct ash, indicating 


feed to 2.2 pct in the secondary con- that this product was high in clay. Because 


centrates and the high-ash tailings (78.8 pct of the high percentage of minus 200-mesh 
ash) in conjunction with the 7.5 pct ash in the No. 3 thickener underflow, the 
in the concentrate is to be noted. The feed was regulated so as not to exceed 


‘actual feed to the rougher cells was one ton per hour per cell and the feed 
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during this test was 11.6 tons per hr at 
18.3 solids. An exceptionally good separa- 
tion was made on the minus 200-mesh, 
the reduction in ash being from 27.8 to 
9.1 pct with a tailing of 50.3 pct ash. 
The actual feed to Nos. 3 and g cells 
(rougher) was 12 pct solids and to No. 1 
and 7 cells (cleaner) 11 pct. The low 
pulp density and proper feed tonnage 
are accountable for the good results on the 
minus 200-mesh. The source of the plus 
48-mesh in the feed is the refuse boot 
overflow,- which is sent to the No. 3 
thickener because of its high ash content. 
It is to be noted that the separation on the 
100 to 200-mesh size was the most incom- 
plete, the ash of the tails on this size 
being but 37.9 pct as compared with 
about 50 pct ash on the other sieve sizes. 
Because of the marketing and drying 
problem of such an extremely fine product, 
it was usually necessary to send the 
underflow of No. 3 thickener to waste, 
and little opportunity was afforded to 
operate with it as feed to flotation. 


Factors AFFECTING OPERATION OF 
FLOTATION UNITS 


The effect of variation in the char- 
acteristics of feed has been previously 
mentioned but it is of sufficient importance 
to be emphasized again. Variation in the 
percentage of solids and in the size consist 
of the solids requires varying amounts of 
reagents. For instance, as the amount of 
plus 48-mesh increases, an increased quan- 
tity of reagent is needed to float the larger 
size of material and this causes some high- 
ash fines to be floated that are not desired 
in the concentrate. The more minus 200- 
mesh clay there is in the feed, the more 
difficult it becomes to make a sharp 
separation, and also the less is the capacity 
of the cells. ' 

With a high percentage of plus 48-mesh 
coal in the feed, there is created an ex- 
tremely unequal distribution of sizes on 
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which flotation must operate, resulting 
in a strong tendency for plus 48-mesh to 
go out with the tailings; for this reason 
plus 48-mesh should not be considered as 
belonging to a normal flotation feed. 

Because of the high percentage of ash 
in the minus 200-mesh and the low per- 
centage of ash in the plus 48-mesh, the 
problem becomes one of either cleaning 
the fines with a loss of some coarse mate- 
ria] or floating the coarse coal accompanied 
by some high-ash fines. Minus 200-mesh 
requires smaller quantities of reagents 
than coarse such as, plus 48-mesh with the 
result that an over oiling of the fines 
takes place. Dilute pulps require more 
reagents than pulps of higher percentages 
of solids. To obtain as good cleaning on 
an unsized feed as on a closely sized feed 
requires a more dilute pulp density, more 
recleaning of the concentrates, and less 
tonnage per cell. 

The optimum pulp density for flotation 
feed is dependent more on the percentage 
of minus 200-mesh than on the ash content 
of the product. For example, with 30 pct 
minus 200-mesh in the feed, a pulp density 
of 18 to 20 pct may be satisfactory, but 
with 80 pct minus 200-mesh 12 to 15 pct 
solids will probably be necessary to give 
an equivalent cleaning performance. With 
a high percentage of solids in the feed 
such as 30 pct or higher, a considerable 
amount of plus 48-mesh coal usually goes 
out with tailings. 

Float and sink tests frequently do not 
give accurate results on the washability 
characteristics of fines under 1oo-mesh 
and flotation is the best means of deter- 
mining ash and sulphur elimination. In 
laboratory tests, the best reduction of 
impurities was made in the minus 200- 
mesh; in one instance, 84.5 pct of the 
ash and 68.3 pct of the sulphur were 


eliminated by four cleanings, that is, 


one cleaning and three recleanings of the 
concentrates. The remarkable point in the 


flotation of bituminous coal slurries is — 
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the high percentage of low ash coal avail- 
able at 80 pct recovery. 

With the types of slurries encountered, 
it was practically impossible to make a 
clean separation on one pass flotation and 
retreatment is the most important part 
of the problem. Different coals and types 
of feed require various degrees of retreat- 
ment, the same as most other cleaning 
processes and this is particularly im- 
portant in respect to the reduction of 
sulphur. Increased floating time results 
in a. better grade of concentrates and tail- 
ings. In laying out a plant, it is very 
important to make it sufficiently flexible 
so that retreatment may be varied to suit 
the particular condition. 

The height of the froth column may be 
varied within rather wide limits (2 to 
6 in.) without appreciably affecting the 
grade of concentrates or tailings. In- 
creased depth of froth results in less 
capacity, greater reagent consumption, 
and low ash tailings. In cleaning up the 
tailings, both in the mill circuit and 
laboratory cell, the froth column must 
be of less height than while removing the 
major portion of the concentrate. If 
the same depth of froth were carried 
when cleaning up the tails as when remov- 
ing the bulk -of the concentrates, then 
more aeration and increased reagent 
consumption would be necessary, both 
of which would result in a less efficient 
separation. — 


REAGENTS 


A number of frothing and collecting 
reagents have been used and, while 
observations made may not be true for 
all circumstances, they represent the 
conclusions reached under the existing 
conditions. Cresylic acid was found to 
be one of the best frothing reagents in 
respect to cleaning performance and 
together with kerosene and spray oil 
produced the best results in the mill opera- 
tion. Extensive laboratory tests were 
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carried out using pine oil, water-gas tar, 
and various prepared flotation oils, but 
cresylic acid was preferred for frothing. 
It was extremely desirable at Champion 
to obtain a froth that broke down readily, 
one that was not too tough, and one that 
was high in solids. Reagents were adjusted 
to produce the most desirable type of 
froth that could be obtained. The prin- 
cipal effect of kerosene appeared to be 
that of deadening the froth and helping 
to break it down. The collecting agents 
generally used in the mill circuit have 
been a No. 2 fuel oil or a mixture of 100 
or 200 viscosity coal spray oil with kero- 
sene used in the proportion of three parts 
of oil to one part of kerosene. Synthetic 
alcohols (frother) produce a more brittle 
froth with less reagent than crésylic acid, 
and the froth is of more bulk (higher in 
moisture) but easier to handle and pump. 
Because of its higher cost per gallon it 
was more expensive per ton than cresylic 
acid. In order to reduce the reagent cost, 
a tar acid oil produced in a low-tempera- 
ture carbonization process was substituted 
for cresylic acid at a higher consumption 
but at substantial savings and equivalent 
cleaning performance to that obtained 
with cresylic acid. Step-oiling was used 
on several occasions and was found to be 
beneficial in respect to separation results 
but usually required longer treatment 
time, thus lowering the capacity and 
requiring more reagents. When recleaning 
primary concentrates no advantage was 
found in step-oiling. 

It has been pointed out that improved 
separations are made at lower pulp densi- 
ties, preferably at 1o to 12 pct solids in 
the cell, but at this lower solids there is 
an increase in reagent consumption over 
that required when operating at 20 pct 
solids. 


ALKALINITY OF CIRCUIT 


The entire water circuit of the washer 
is maintained alkaline by the use of lime 
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in order to prevent corrosion of steel, and 
flotation was necessarily carried out in an 
alkaline circuit. It had been found in the 
laboratory investigations that the best 
results with respect to ash were obtained 
with a slightly acid circuit. Alkaline 
circuits have a tendency toward floccula- 
tion of the coal particles and therefore 
flotation results are somewhat impaired 
with respect to ash. For sulphur elimina- 
tion best results are obtained by operating 
in a slightly alkaline circuit. Because the 
use of fresh water for dilution would 
increase the total water in circulation 
beyond a desirable point for best overall 
plant operation, either the filtrate from 
the concentrate filter or thickener overflow 
was used to dilute the primary feed and 
the primary concentrates. Due to the 
presence of colloidal clay, starch, and 
lime in these dilution waters, there is 
more interference in the separation than 
if fresh water were used. An excess of 
lime produces some oxidizing effect on 
the coal surfaces and inhibits the floating 
. of coal. It is probable that a certain amount 
of lime is favorable (pH of 8.0) for the 
flotation circuit due to its electrolytic 
effect on the settling of clay. 


EFFECT OF SLIMES AND COLLOIDAL CLAY 
ON FLOTATION 


High content of colloidal clay in a 
flotation feed or in the dilution water 
inhibits flotation of coal particles probably 
because the surfaces are coated with a 
gangue or clay coating. Slimes and colloids 
appear to be more responsible for poor 
results than soluble salts. Prior to World 
War II, the flotation experience of Pitts- 
burgh Coal Co. had been with slurry 
from deep-mined coal. During the war 
and afterwards, a considerable tonnage of 
strip-mined coal was processed daily in 
addition to deep-mine coal, with the result 
that a closed circuit could no longer be 
maintained in the washer; the solids 
content of the water increased greatly 


and caused coarser solids over 48-mesh 
to settle out in the thickeners. It was 
also necessary to add large quantities 
of lime and causticized starch to flocculate 
the clay. The combination of the presence 
of high percentage of solids in the water, 
colloidal clay, the high alkalinity by lime, 
the use of causticized starch for flocculation 
and the coarser particles in flotation feed 
made it impossible to operate flotation 


under the previous experience and prac- 


tice. Because of war conditions it was 
impossible to undertake an investigation 
that may have developed a procedure for 
operating under the conditions brought 
about by cleaning strip coal. 


PYRITE DEPRESSION 


This subject was rather completely 
investigated in tests in the laboratory 
flotation cell and it is hoped that the 
results of this investigation will be the 
subject of a paper on this phase of coal 
flotation. Results on pyrite reduction on a 
mill scale are very inconsistent and gen- 
erally show the same trend as the sulphur 
content of the raw coal. Sulphur elimina- 
tion in an acid circuit is practically im- 
possible and best results for both sulphur 
and ash elimination at Champion were 
found to be at a pH of 8.0 to 8.5. If neces- 
sary, a part of the alkalinity may be 
removed by sulphuric acid. The use of 
lime at the rate of 2 lb per ton of feed 
was tried in order to depress pyrite but 
no improvement in sulphur was noted 
(Tables 2 and 3, tests No. 8 and 9). 
It is believed that the conditioning time 
would be an important factor when lime 
is used as a pyrite depressant, but no 
conclusive evidence can be _ presented. 
The use of ferrous sulphate and ferric 
sulphate had been suggested for aiding 
in pyrite depression, but tests No. 10 
and 12 (Tables 2 and 3) in which 0.50 lb 
per ton of ferrous sulphate and 0.48 Ib 
per ton of ferric sulphate, respectively, 


were used, did not decrease the sulphur . 
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content. It appears that mechanical 
entrapment is one reason for pyrite’s 
floating but some tests have indicated 
that the more dilute the pulp, the greater 
the floating of pyrite in the froth. Yancey” 
reports that the oxidation products of 
pyrite exert a stronger influence on the 
depression of pyrite than any action of a 
chemical reagent added. Therefore, the 
pyrite in a coal slurry should be easier 
to depress than a freshly prepared raw coal. 

It has been the experience of the Pitts- 
burgh Coal Co. operating flotation on 
Pittsburgh seam slurries that the reduction 
of sulphur is usually between 1o and 
20 pct from the sulphur in the feed. 
Retreatment of primary concentrates is 
a more positive way to obtain the greatest 
reduction of sulphur than has been ob- 
tained by various depressing agents. 
Sulphur reduction may also be accom- 
plished by pulling some bone into tailings 
at the expense of recovery. 


HANDLING AND DEWATERING OF 
CONCENTRATES 


The main practical problem in the 
flotation plant at Champion was that 
of handling the froth concentrate rather 
than in the separation itself. Settling 
tests had shown that it would require a 
large-diameter thickener to satisfactorily 
settle and thicken the concentrate; and, 
furthermore, there was no available area 
for a thickener in the immediate vicinity 
of the plant. All the flotation work in the 
mill-sized units was influenced by the 
necessity for obtaining a froth that could 
be satisfactorily filtered without thicken- 
ing. The production of a froth that would 
break down readily was required and even 
some sacrifice in technical efficiency would 
have been made to obtain a more brittle 
and easily broken froth. The addition of 
chemicals for breaking down of the froth 


2H. F. Yancey and J. A. Taylor: Froth 
Flotation of Coal, Sulphur and Ash Reduction. 
U.S. Bur. Mines R.I.-3263 (Jan. 1935). 
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was tried, but excessive amounts were 
required in order to accomplish much in 
this direction. Without breaking down 
the froth, the two 8 by 14-ft drum-filter 
feed tanks were frequently overflowing; 
this overflow was returned to the flotation 
feed, causing an overload to the cells and 
creating an unsatisfactory operating con- 
dition for both flotation cells and filters. 
The best solution for breaking down the 
froth was found to be a bucket elevator 
operating at approximately 4oo fpm. The 
original purpose of the elevator was to 
break down the froth by impact against 
the plate as the froth discharged. Actually 
the froth was mostly broken down in the 
buckets by the air pressure developed by 
the elevator before the froth reached the 
discharge point. By the use of the bucket 
elevator, the filters were operated without 
overflowing at a pulp density of 30 to 
35 pct solids. When filtering the froth 
concentrate without breaking down the 
froth, the production of filter cake was 
at the rate of only 20 to 25 lb per sq ft 
per hr, but by breaking down the froth, 
this was doubled even with the dilute 
feed to the filters. 


Tartincs DisPosAL 


Tailings from the flotation cells enter 
No. 3 thickener and causticized starch 
is added to this feed at the rate of 0.5 Ib 
per ton of solids plus 100 lb of lime per 
7-hr shift. These reagents aid clarification 
and subsequent filtration of the underflow; 
after filtering, the cake is discharged to 
refuse. 


CAPACITY OF SUBAERATION FLOTATION 


CELLS 


The flotation cell used at Champion 
is the mechanically agitated subaeration 
machine and is the same in_ principle 
to the ore-separation machine, but has a 
double spitzkasten and froth discharge on 
two opposite sides of the cell. One of the 
fundamental differences between ore and 
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coal flotation is in the tremendous bulk 
of coal concentrates both in respect to 
volume to weight, but also in relation to 
the concentrates produced per ton of 
feed. The coal cell has two paddle blades 
to remove froth instead of the single- 
blade paddles on the ore machines. The 
cells in use at the Champion plant are the 
43- by 43-in. double froth discharge with 
a cubic volume of 50 cu ft per cell. The 
tonnage that may be handled by these 
flotation cells depends largely on the 
amount of minus 200-mesh in the feed. 
With a feed containing from 25 to 30 pct 
minus 200-mesh, the six-cell bank will 
effectively clean about to tons per hr, 
or an average of 124 tons per hr per 
cell for the circuit consisting of four rougher 
and two cleaner cells. Therefore, rougher 
cells are handling over 2 tons per hr 
per cell. When the minus 200-mesh in the 
feed increases to 75 pct or more the six- 
cell bank will efficiently clean but 5 to 
6 tons per hr, or slightly under one 
ton per hour per cell. Again, the rougher 
cells will handle more tonnage per cell, 
or approximately 1.5 tons per hr per 
cell. These capacities are cited as repre- 
sentative of the type of feed and con- 
ditions of operation at Champion. Putting 
the secondary tailings or middlings back 
into the primary cells did not cause any 
appreciable lowering of capacity in the 
primary cells and greatly improved the 
separation by making a lower ash con- 
centrate at a high recovery. In coal 
flotation, it may frequently be advisable 
to sacrifice a certain amount of metal- 
lurgical efficiency in order to obtain a large 
capacity per square foot of cell area. 

A large flotation cell of too cu ft capacity 
has been developed for coal flotation 
and has a greater capacity per cell. The 
flared sides of the cell start closer to the 
bottom of the cell thus enlarging the 
surface over which froth is produced. 
This new cell design extends the activity 
created by the impeller in an outward 
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direction and the agitation is reduced 
at the point of removing the froth. In the 
cell used at Champion, the original 
middling-return pipes were inadequate for 
returning the froth of four rougher cells 
through the middlings return of No. 1 
and 2 cells. By increasing the diameter of 
these return pipes from 6 to 8 in., most 
of this trouble was eliminated. 

With the new coal cell, the tailing com- 
partment (including froth baffle and tailing 
gate) and the feed compartment are 
placed outside the cell. By this arrange- 
ment, it is easy to remove the middlings 
from any cell and transfer it to another 
cell by simple pipe connections. 


POWER 


Three-phase 60-cycle power is supplied 
at 440 volts to the various motors in the 
plant. The power required to operate 
the various units connected with flotation 
is shown in Table 7. 


TABLE 7—Power Required by Various 
Units of Flotation Plant, 20 Tons pe. 


Hour Feed 


Kw 

Feed Pump, from No. 1 thickener to 
Conditioning ‘Tanks... ¢ Sk. Bae ae 
Flotation plant: 

Conditioning tank recirculating pump. 5.3 
Reagent feeders 0% ici, as bs eer I.E 
12‘ COS HO FAROTA tera ctule te « cates 36.0 
Broth, elevator dass chek moe 3.4 


Concentrate filters: 
2—8 ft by watt filters cn. ce pees 3.0 
2—Vacuum) pumpssdvin. wv die saa oun 52.2 


Tailings disposal from No, 3 thickener 
35-ft diam): 
No. 3 thickener rakes drive.......... ise 
No. 3 thickener underflow pump (2in.) 5. 
11 ft by 16 ft vacuum filter.......... 2 
Vacuum pump for filter............. 23. 
Filter-cake belt to main refuse’ con- 


Cost OF OPERATING FLOTATION 


Current costs are not available, since 
the plant has not been operated steadily 
for the past three years. In 1942, however, 


. 42,282 tons of flotation concentrates were 


produced and direct costs are given in 
Table 8 for the operation, maintenance 
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supplies, and power for the conditoning, 
flotation cells, and froth elevator. Pumping 
of underflow, operation of clean coal and 
waste filters, and so forth, are a part of 
the regular plant flowsheet, and therefore 
the cost of filtering concentrates, thicken- 
ing and filtering of tailings, are not addi- 
tional cost items when flotation is in 
operation. For this reason, the cost of 
flotation at Champion as shown by 
Table 8 does not include these items. 
Depreciation charges and conversion charge 
for a lower recovery due to cleaning also 
are excluded from these costs. Table 8 
includes only the direct costs of operating 
the flotation units, conditioner, and froth 
elevator in 1942; reagent cost is included 
under supplies. 


TABLE 8—Direct Cost of Operating Flotation 
Plant at Champion (Based on Year 1942) 
20 Tons per Hour Feed 85 Per Cent 


Recovery of Concentrates 
DOLLARS PER TON 


ITEM CONCENTRATE 
Labor: 
Oper Ate sistas saueiss s)eherouee “Zol*1s) = 6 $0.041 
Maintenance tas oes’ ie oes er «ni 0.009 
Supplies, including reagents....... 0.072 
Power (2.7 kw-hr per ton).......- 0.027 
$0.149 


Reagent consumption has been shown 
in Table 3 and the cost of reagents may 
be readily calculated by applying the 


appropriate delivered price of reagents to ~ 


the consumption. During the period of 
1936 to 1944, the reagent .cost was from 
4 to 5 cents per ton of concentrate when 
operating on a 20 ton per hr feed of 
No. 1 thickener underflow and from 6 to 
7 cents per ton of concentrates when 
operating on a 11 to 12 ton per hr 
feed from No. 3 thickener underflow. 
These figures would be somewhat higher 
under 1947 prices. 


SUMMARY 


The froth-flotation plant at Champion 
operated as a part of the regular cleaning 
circuit from 1935 to 1944. Its operation 


was temporarily discontinued in 1944 
because of the introduction of strip mined 
coal containing a large amount of clay 
which made it extremely difficult to clear 
the water system and to float coal in the 
flotation cells. The flotation units were 
operated in the regular closed water 
circuit of the cleaning plant. Flotation 
concentrates were filtered by vacuum 
filters and subsequently heat-dried as a 
part of the 3g in. by o cleaned coal. The 
tailings were disposed to a thickener for 
settling of waste solids (such as fine clay) 
and subsequently filtered on a vacuum 
filter and discharged to waste as a filter 
cake. 

Flotation is best adapted to the cleaning 
of minus 48-mesh coal slurries and better 
results are obtained by eliminating the 
plus 48-mesh from the feed. Recleaning 
of primary concentrates was found ad- 
visable to produce a low-ash concentrate 
and a high-ash tailings. A  multicell 
circuit consisting of four rougher or 
primary cells and two cleaner or secondary 
cells was found to be well suited for the 
conditions and objectives at Champion. 
The pulp density of the feed had to be 
regulated to permit proper filtering and 
sometimes it was necessary to sacrifice 
cleaning efficiency to obtain satisfactory 
dewatering and filtering of concentrates. 
A high-speed froth elevator was found 
to be a satisfactory means for breaking 
down the concentrate froth to a point at 
which filtering of concentrates without 
thickening could be readily accomplished. 

In conclusion, it might be stated that 
the technical problems of cleaning thick- 
ened slurries from deep-mined coal by 
froth flotation are not too difficult in 
respect to ash reduction. From an opera- 
tional standpoint, the handling of con- 
centrates and tailings presents more 
difficulties than the actual separation. 
The problem of cleaning slurries ex- 
tremely high in colloidal clay such as 
strip-mined coal was not undertaken 
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because it was not expected that the 
plant would operate with an appreciable 
tonnage of strip-mined coal for more than 
a few years. 
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DISCUSSION 
(J. Griffen presiding) 


J. B. Morrow*—I am not going to talk 
about the technique because frankly I do not 
know what is going on. If I did talk about 
technique, somebody would ask me a question 
and I could not answer it. 

I would like to point out, however, that 
there is a great difference in handling an 
aspirated coal or in handling settled coal 
with any type of thickener. 

I think it was about 1928 when Tom Fraser 
and I handled coal up to 14 in. and we got 
quite a kick out of it. We thought we were on 
the track. That was fine because that coal was 
screened as it came out of the mine. You all 
know that coal has an oily film on it. It is 
difficult to wet minus 28-mesh coal. After 
it has gone through the pumps and thickeners 
that film gets worn off and there remains an 
entirely different type of coal. There is a great 
difference in making tests on screened raw 
coal rather than after it has been settled out. 

We have a long way to go before we ever 
arrive at the same techniques that are used in 
ore concentrations. The main reason for that is 
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because we are not equipped to maintain a 
constant feed. By that, I do not mean a con- 
stant feed in tons per hr but I mean constant 
feed in size content. In other words, you do 
not want to vary from minus-200, let us say, 
up to 35-mesh or larger. 

In order to get flotation to work and achieve 
the same result that has been achieved in metal 
work, we shall have to be a great deal more 
careful about getting constant feed conditions 
which we do not have today. 

The main problem we had was in handling 
the froth. We dropped the froth 30 ft down 
into square bins and had the froth cascaded 
from one level to the next. In that way we 
tried to break it but that did not work. We 
put in 1o-in. pumps to try to handle about a 
2-in. flow and that did not work. Finally, 
we used the belt elevator. 

As Mr. Davis told you, the idea was fine 
but it did not work in the way we expected; 
however, as long as it worked, we did not care 
too much. 

I think, personally, that is our main con- 
tribution to the art of coal flotation—being 
able to handle the froth. 

On the matter of handling sulphur reduction, 
we did some test work once in the laboratory. 
We took pyrite and it was finely ground, and 
then we took marcasite and had that finely 
ground. The efficiency of separation on pyrite 
was relatively easy. That was in an alkaline 
circuit, pH about 8, using sodium thiamide 
at that time. We did extremely well on pyrite. 

On the marcasite, we did not do well at all 
and that caused us to have some checks made. 
We discovered that quite a fair amount of 
what we loosely called pyrite in coal is not 
pyrite at all—it is marcasite. Because of the 
difference in shape, it is much harder to handle. 

When we started this work in 1928 we just 
tried this, that and the other thing, and got 
into a lot of trouble. Now, I see a crowd here 
listening to papers on the subject. With our 
friend, Mr. Lewis, increasing the price of coal 
fairly often, I think we are all going to realize 
that we cannot say $3 a ton if it costs us 75¢ 
in order to have it cleaned. Therefore, I look 
for the handling of fine coal by means of froth 
flotation to increase. 


J. GrirFeEN—Mr. Younkins, you had quite a 
little to do with some of this early work. 


DISCUSSION 


J. A. Younxrns*—I do not think I have 
anything to add to the discussion. Mr. Davis 
pretty well summed up the troubles and 
difficulties. I had some questions I wanted to 
ask the other authors, but I will defer that 
until the general discussion. 


R. E. Zimmerman t{—lI believe this paper 


_by D. H. Davis on the froth flotation of 


bituminous coal slurries is a valuable con- 
tribution to coal preparation literature and 
should be of considerable aid to anyone making 
a study of coal froth flotation or to anyone 
contemplating the cleaning of slurry or extreme 
fines by such methods. 

Regarding the early research work done on 
‘coal flotation by the Pittsburgh Coal Co. at 


_ their various Champion plants, it was my 


experience and pleasure to have participated 
in much of the reagent investigational work 
and pilot plant operation of the various units 
described by Davis. 

Although many of the problems incurred 


seem simple enough now, at the time we were 


first faced with them, they presented very 
serious obstacles indeed. That observation 
applies, of course, to most problems faced 
today by coal preparation engineers. The 
questions which appear difficult to answer 
now will become easy to solve in the future. 
Where a need for removing the impurities 
from extreme coal fines exists and where the 
market condition is such as to demand and 
economically permit its use, coal froth flotation 
is an effective process for its accomplishment. 
Davis describes the Champion flotation 


- units as having run for several years, as part 
of the regular plant operation. There are also 


flotation units in operation in the anthracite 
field and numerous units abroad. 

In addition to the fact that flotation processes 
will clean coal sizes that other known processes 
cannot touch, or will do only a partial job, 


eat is interesting to note that, if necessary, 
extremely low ash concentrates may be ob- 


— 


A 


ee 


tained. Although not reported by Davis in his 
paper, ash as low as 2 pct was obtained from 
Pittsburgh seam coal, by recleaning the coal 
concentrates four or five times. The yield of 
such a product, of course, was not great, but 
it illustrates what could be done if someone 
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really needed an almost ashless coal—and 
could afford to pay the processing cost. It is 
my opinion, however, that much work has 
yet to be done to make flotation of fine coal 
more attractive. 

There is still a considerable field of investiga- 
tion in determining cheaper and more effective 
reagents. The handling properties of the froth, 
as brought out by Davis, are of paramount 
importance. A brittle froth is desired that will 
break readily. I suspect there are newer chemi- 
cals on the market than those described which 
would have this property. Or in lieu of such 
a frother, perhaps an application of a vacuum 
chamber could be developed. 

Regarding the cost of operation, Mr. Davis 
is careful to mention that his figure of $0.149 
is merely the direct cost per ton. It is my 
opinion that, including necessary auxiliary 
equipment, actual cost would be in the neigh- 
borhood of $0.25 or more per ton of con- 
centrates and that would not include drying 
costs. 

I notice that Mr. Davis, in his paper, also 
remarked that flotation is only suitable for 
cleaning solids under minus 8-mesh. It is my 
belief that we could find other processes for 
cleaning down to, let us say, roo-mesh more 
cheaply, and then, take the minus-roo mesh, 
if it is economically desirable, to run in flotation 
units. 

Our plan with the Hanna Coal Co. of Ohio 
is to clean 34g by 100-mesh on wet concentrat- 
ing tables: We could take the minus too-mesh 
and run that through flotation units if neces- 
sary. However ashe pointed out the deleterious 
effect of clay, the minus 1oo-mesh in our coal 
out in Ohio, chiefly due to blending in strip 
coal, is extremely high in clay. So far, I doubt 
if it would be economically feasible to clean 
it by froth flotation. Our minus roo-mesh 
out there will run between 30 and 35 pct ash. 


H. J. Gister*—This paper stresses the 
importance of intense reagent conditions for 
flotation of coal coarser than 48-mesh. This, 
of course, bears out the necessity of a separate 
circuit for the coarse fraction where intense 
conditions can be employed without affecting 
the separation selectivity on the finer coal and 
ash fractions. Generally higher density and 
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more intense cell agitation along with more 
reagents favor flotation of coarse coal when 
treated in the absence of fines. Under such 
conditions 8- to ro-mesh coal can be effectively 
floated. 

Does there appear to be any definite advan- 
tage in the double overflow froth feature on 
the mechanical flotation cells? Both the single 
overflow and double overflow type of machines 
are now in use in the Pennsylvania coal fields, 
apparently with equally satisfactory results. 


J. GrirFEN—I might make just one comment 
here. You can see that the flotation men think 
you ought to go cautiously. The mechanical 
gravity cleaning men think it is cheaper to go 
down finer. That is the type of argument that 
I think is beneficial because we will finally 
get the cheapest method. 

Mr. Davis, do you have anything to say 
about the single and double overflow machine? 


D. H. Davis (author’s reply)—I would 
prefer the double, overflow. After all, with 
bituminous coal, there is a voluminous froth 
that must be floated and it is our experience 


that a double overflow improves both results 


and capacity. 

Because of the voluminous froth, we had 
to use four-paddle blades instead of two-bladed 
paddles for removing the froth. 


O. R. Lyons*—I want to make some com- 
ments on Mr. Davis’ paper. We ran some 
tests at Battelle on filter cake material that 
had approximately the same screen analysis 
as that which they were treating over at 
Champion. 

We have checked his pulp densities pretty 

_ closely and we obtained better results at to pet, 
although we tried up to 20 pct and did a pretty 
fair job; however, it was not as consistent as it 
was around ro pct. 

We used an alkaline pulp, somewhere 
between 8 to 844 pH, although we tried higher 
alkalinities, and we found that we could remove 
the ash and keep the ash content down quite 
consistently without trouble. 

What we were trying to do, however, was 
to remove as much sulphur as we could, 
starting out with a sulphur analysis of 1.6 
to 1.8 to a 2 pct maximum. We were able, 
by straight flotation on a material in a range 
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results by taking a minus-65-mesh material 


of 28- to 35-mesh, top size, to get down to 
1.25 pct sulphur. 

We ran a lot of tests in which we classified 
the material and tried flotation on the classified 
products and we found that we got the best 


and floating it and taking the plus-65-mesh © 
material and tabling it, ending up with an over- — 
all sulphur of about 1.22 pct. 


} 
J. GrirFeN—Was that Pittsburgh seam coal? — 
O. R. Lyons—Pittsburgh seam. 
J. GrirFEN—From Pennsylvania or Ohio? 


O. R. Lyons—From Pennsylvania. We also — ; 
tried ferric and ferrous sulphates as depressors 
without any success. As far as we could tell, } 
they had no effect whatsoever. ° 


D. H. Davis—I neglected to say, during the — 
presentation of my paper, that we obtained a — 
definite reduction in sulphur by retreatment, 
rather than by just one flotation, and our best 
results on sulphur reduction were obtained by : 
retreating the froth. i 


O. R. Lyons—Did you get much success © 
with lime? 


D. H. Davis—Yes—lime aided in sulphur 
reduction. 


; 

: 

B. M. Brrp*—For the benefit of the others — 
present, about what percentage of sulphur 
would you ordinarily have in your Champion 
coal? In other words, give those present some ~ 
yardsticks for gauging what you were doing on 
the flotation. | 


D. H. Davis—Well, on the 3g X 0 it would | 
run around 2 pet and on the raw minus 48-mesh 
about 2.5 pct. / 


B. M. Brro—In other words, the flotation : 
was doing relatively very well. ; | 


J. GrirrFeN—Of course, that is one thing 
that always interests me—you never use the 
same criterion. When it comes to gravity 
concentration, you set up a gravity and you 
analyze what floats at the gravity. That is 
your objective. When it comes to flotation, 
to run float and sink tests on such fine solids 
is quite a chore. 


5 
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With flotation you usually take laboratory 
work with a flotation cell as your criterion. 
Then you judge plant operation against ideal 
performance in the laboratory; am I not right, 
Mr. Davis? 


D. H. Davis—In general, you can get 
results out of a plant just as you predict in 
the laboratory. The results of froth flotation 
in the plant, if anything, are equally as good 
as laboratory tests provided that the plant is 
being operated properly. 

We made some test work and we tried 
cyanide in test work, but we did not carry 
out anything extensive in full-scale mill opera- 
tion and I cannot state why this was not done. 
It did indicate some sulphur reduction. In 
the laboratory we made as many as a dozen 
re-cleanings of the froth. We kept working 


it down, and it is very interesting to learn | 


how much low ash coal there is in the slurries 
that are pumped to waste. 


J. Grirren—Gentlemen, I am not a flota- 
tion expert, but I jotted down a few notes and I 
think it may be worth while to summarize some 
of the points on which there seems to be a 
fairly general agreement. 

In a flotation plant, you cannot get optimum 
results if you have too wide a size range. In 
other words, as Professor Mitchell said, 
minus-200 cannot be cleaned. He was thinking 
that you cannot clean minus-200 when you 
have a lot of coarser stuff; is that right? 


D. R. MircHett—That is right. 


J. Grirren—These papers have indicated 
that if the feed is minus-200, there is one 
problem and acceptable results have been 
obtained if it is a deslime feed. You can 
handle much coarser feeds with satisfactory 
results. 

I think Mr. Morrow put his finger on one 
of the most important things of all—that 
flotation is a tool. The best results. are ob- 
tained only by integrating it with all the rest 
of the coal washing plant. 

The probable reason we have failed com- 


, 
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‘mercially to get the best results is that we 


have not taken care of all of these variable 
feed conditions which, unless there were an 
interest in flotation, did not seem to be too 
important. Now we find out that they are very 
important. In a coal plant the run-of-mine 
coal may have only 2 or 3 pct minus 48-mesh 
in it when it starts into the plant, but, actually, 
if hour by hour information is available there 
are likely to be 6 pct at one time, 144 pct at 
other times, and different figures at still other 
times. That does not mean much on run-of- 


_mine.coal tonnage but it means a very great 


change in the load conditions when flotation 
feed is considered in tons per hour that must 
be handled. 

Then there is the problem of intermittent 
operation of a coal plant. There is not any 
question that flotation is going to do its best 
work if operated continuously. 

I was very glad Mr. McCabe mentioned 
the vacuum tank which is being used on the 
continent for breaking down flotation froths. 
I am interested in that because of one thing. 
It is the usual practice in Western Europe 
to dedust their feeds to their coal washing 
plant—that is, at something like 28-mesh or 
48-mesh—and if the coal is too wet, they 
actually may be dedusting and then follow 
that with washing out the balance of the 
slurry. Then they will float those products 
separately and it may be that because that is 
fresh coal, they are able to work with very 
much more brittle froths that are easier to 
break down in a vacuum tank. They do usually 
collect. the slurry that is produced by the 
washing operation separately and often add 
it to the flotation plant that is handling what 
is gotten out of the raw coal, but it may be 
that with our system, the vacuum tank would 
not work so well. However, it is interesting 
to check. I believe in that report on the coal 
preparation practice in Western Europe which 
came out recently that machine is described 
and some information as to the increase in 
filter capacity resulting from the use of this 
vacuum tank is included. ‘ 


Flotation of Bituminous Coal 


By R. E. ZimmMErMAN,* MemBer AIME 
(New York Meeting, February 1948) 


THE separation of fine sizes of coal from 
its impurities by means of various flotation 
methods has become of increasing impor- 
tance in the coal industry. This, no doubt, 
will be even more so in the future as the 
quantity of high grade coal is depleted, 
particularly that used for metallurgical 
purposes. 

The purpose of this paper is to describe 
and report the results of research work done 
under the auspices of the Pittsburgh Coal 
Co. to determine the amenability of their 
bituminous fine sizes of coal to flotation, to 
investigate the value of various reagents 
and factors affecting their use, and com- 
pare the results between froth flotation and 
bulk oil flotation. 

Compared with the preferential flotation 
of complex minerals, or ores, the flotation 
of coal is comparatively easy. However, 
this statement should not lull one into the 
feeling that there are no special problems 
involved. For instance, the separation of 
coal from pyrite in high sulphur coals is still 
far from being 100 pct successful. Size 
consist has considerable effect on reagent 
consumption and recovery. Other factors 
will be described and finally it must be 
remembered that in the flotation of coal a 
low priced material is being treated and 
thus economic considerations govern more 
closely its application than is generally the 
case in treating other minerals. 

As a result of the research work done by 
the Pittsburgh Coal Co. on the flotation of 
coal, it was concluded that it was practical 

Manuscript received at the office of the 
Institute January 14, 1948. Issued as TP 2397 
in CoAL TECHNOLOGY, May 1948. 
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to clean the —48-mesh coal commercially 
by froth flotation and after several different 
types of flotation units and circuits were 
investigated by means of pilot plants, large 
scale units were installed at their Champion 
Nos. 1, 4 and 5 Preparation Plants for the 
cleaning of —48-mesh slurries. 

These large scale operations have been 
recently described by D. H. Davis.! C. P. 
Proctor and C. B. Carlson? in their chapter 
on Froth Flotation of Coal in the AIME 
Seeley W. Mudd series book on Coal 
Preparation describe some of the practical 
applications of our Pittsburgh Coal Co. 
laboratory work in actual plant practice as 
well as summarizing part of the investiga- 
tional work. The author presents this 
paper, however, as a supplement to their 
reports, and records the basic research 
accomplished in the laboratory investiga- 
tional work as well as the results of experi- 
ments using bulk oil flotation. In presenting 
this work the author wishes to state 
much more work must be done in applying 
the principles of flotation to cleaning coal, 
especially in view of recent studies and 


- 


practices in other mineral beneficiation — 


fields. 


METHODS OF CONDUCTING LABORATORY 
TESTS 


The bulk of the research work was con- 
ducted in the laboratory of the Champion 
No. 1 Preparation Plant. This plant has 
elaborate facilities for sampling and analyz- 
ing coal and proved to be an admirable 
location for the investigational work. 

Four types of laboratory flotation ma- 


1 References are at the end of the paper. 
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chines were used. There was installed a 


Denver Equipment Sub-A (Fahrenwald) 


mechanical agitation, 


2000 gm _ batch 


machine. There was also a Denver Equip-. 
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rectangular shaped box capable of holding, 
when half full (normal operating level), 5 
gal of pulp. This box was supported at 
diagonal corners by shafting which was 


~ ment continuous feed, 5-in., 6 cell machine 
of the same mechanical agitation principle. 
In addition, there was a General Engineer- 


ing Co., MacIntosh pneumatic 2 cell, 2000 


' gm batch machine. Later, there was de- 


veloped a special churn or agitator used in 
bulk oil experiments. 
Because of the difficulties in arranging 


constant and accurate feed rates for the 


_5-in., continuous 6 cell machine at the small 


RE 


. 


Pee ey 


een 


are 


- although 


capacities needed, it was found unsuitable 


to use this for research work. Similarly, 
some excellent results were 
obtained from the MacIntosh pneumatic 


unit, it was found that for test purposes 
the single cell mechanical agitation ma- 
- chine was the best for speed and accuracy 
as it permitted close and measurable con- 


trol. This machine is shown in Fig 1. Al- 
though generally listed as a 2000 gm 


capacity unit, its capacity was set at*r100o0 


gm for coal because of the lighter specific 


_ gravity and the floating of the bulk of the 
feed. The MacIntosh pneumatic machine, 
as hooked up in the Champion laboratory, 


is shown in Fig 2. 
The special churn used in some of the 


bulk-oil flotation work consisted of a steel, 


Fic 1—MECHANICAL AGITATION FLOTATION MACHINE. 
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rotated at variable speeds, usually in the 
neighborhood of 24 rpm, and thus provided 
a back and forward motion to the pulp with 
a churning effect. 

In setting up any series of tests it wa: 
essential to make sure: representative sam- 
ples were used; that there was proper pulp 
density control; uniform or known water 
characteristics as to its pH value or soluble 
salts content; set time of floating, standard 
impeller speed, air suction, pulp level, rate 
of froth draw-off, quantity of reagents and 
uniform step oiling. 

In measuring the effectiveness of a 
reagent, it was found that numerous factors 
have to be considered in determining its 
value, other than straight analytical data 
of the products. By that is meant, one must 
take into consideration the texture of the 
froth, its copiousness and consistency, and 
its brittleness or degree of toughness, the 
latter being of great importance in the 
handling of coal froth. 

No attempt was made to measure the 
effectiveness of a reagent by the captive- 
bubble or cylinder flotation methods de- 
scribed by I. W. Wark® and in many other 
recent papers, including that by J. Rogers, 
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K. L. Sutherland, et al.4 It was felt that 
actual tests in a flotation machine were of 
more practical value, as it is known that 
captive-bubble or cylinder tests are not 


Fic 2—PNEUMATIC FLOTATION LABORATORY MACHINE. 


necessarily identical with those obtained 
by a flotation machine. Regarding labora- 
tory flotation tests as a whole it has been 
found that the individual operating the 
machine must use considerable care in 
following set procedures and have them 
clearly defined if they are to be duplicated 
by another operator. 


FLOTATION THEORY AND DEFINITIONS 


A great deal has been said and much has 
been written concerning the theory of 
flotation. It is not the author’s purpose to 
go into detail concerning these various 
theories. Professor A. F. Taggart® states 
that, “Flotation is the art of wet concen- 
tration of minerals by floating the mineral 
to or near the top of the liquid and sinking 
the gangue or rock to the bottom.” 

In earlier years it was believed that only 
sulphide or metallic minerals could be 
separated by flotation. Later it was dis- 
covered that coal is readily floated or 
separated from its impurities. In recent 
years, however, it has been shown and is 
now widely practiced, that any mineral, 
metallic or nonmetallic may be floated and 
preferentially separated one from the other. 


FLOTATION OF BITUMINOUS COAL 


This selective flotation has revolutionized © 
mineral beneficiation. 

Floatability is primarily a surface 
phenomenon. The nature of the film on the - 


outside of a particle governs the degree 
or possibility of floating. Although some 
minerals naturally have this coating, others 
have it placed on them artificially by the 
use of certain chemicals. Conversely, 
chemicals may be added to remove this 
film and in a sense ‘“‘gangue” can be 
floated and “concentrates”? sunk by the 


= 


selective use of reagents. Although not : 


practical, as yet, it is feasible, for instance, — 


to sink the coal and float the refuse by — 


proper use of depressants and cationic 
reagents. 

It should be clearly stated that the terms 
“float” and “‘sink” do not imply the usual 
meaning in coal beneficiation of floating a 
lighter gravity material. and sinking a 


pha - 


~ > 


- 


heavier material by means of their relative 


differences in specific gravity. Actually, in 


many mineral separations, the heavier 


particles are floated and the lighter ones — 
sunk, 

In froth flotation, bubbles of gas or air 
are generated by mechanical agitation or 
pneumatic means. The minerals to be re- 
covered attach themselves to the bubbles 
and are carried upward to the top where 
they are skimmed off as ‘‘concentrates.”’ 
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The refuse or ‘‘tailings”’ sink.to the bottom. 


_ To aid in the formation of bubbles, to form 


a film around the bubbles and to strengthen 


' them to perform their duty of carrying up- 


ward the desired minerals, certain reagents 
called “‘frothers” are added. Examples of 
such agents are cresylic acid, pine oil and 


-yarious alcohols of the branch chain type. 
These agents must lower the surface tension 


of the water and form a film of oil around 
the bubble to permit the mineral to adhere 


Eto it. 


To assist in the adhering of the mineral 


to the bubbles, it is usually necessary to 


Sadd “ 
‘sulphide ores and coal, only a minimum of 


collector”? reagents.® In the cases of 


collector is needed. This is true where only 
“one mineral is to be separated. However, 
_-when in selective flotation one mineral is 


first depressed in preference to another, as 


in the flotation of copper-lead-zinc, strong 


collectors are needed for bringing up 
- minerals previously depressed. A collector 


- coats the surface of a mineral so that it is 


ra 


not wetted by water but is attracted to and 


wetted by the oil film of the bubbles. Freshly 


_ ground non-oxidized sulphide metals and 


coal have this nonwetting characteristic 


naturally. Oxide and silicate minerals such 
as quartz, clays, fluorspar, and the like, 
“are readily wetted by water and therefore 
resist the oil films surrounding the air 
bubbles. 


It is possible by the proper use of col- 


Jectors to change the coating of any mineral 
‘in such a way as to make it water repellent 
and, therefore, floatable. Examples of col- 
- lectors for the sulphides and native metals 
are the xanthates, 
-thio- carbamates. 
_ phide minerals are oleic and other fatty 
acids and soaps, fatty alcohol sulphates 
and mineral and coal tar oils. Coal is aided 
by both of the above groups. 


dio-thio-phosphates, 
Collectors for non-sul- 


For oxides and silicates the collectors are 


the so-called “cationic reagents” examples 
of which are the amines such as di-n-butyl 
amine or the longer chain compounds such 
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as lauryl or stearyl amine hydrochlorides. 
Much of the recent flotation literature con- 
cerns cationic reagents. For example, J. D. 


-Williams’ describes the flotation of cement 


rock by means of lauryl amine and Donald 
Scott et al® describe the amine flotation of 
gangue from magnetite concentrates. 

In addition to the above two major 
groups of reagents classed as ‘‘frothers” or 
‘‘collectors,’’ other classes of chemicals are 
frequently employed. For example, “de- 
pressors”’ are used where one mineral i is to 
be prevented from being carried up by the 
bubbles in preference to another. These 
agents coat the particles to be depressed so 
that they will be readily wetted by the 
water and not the oil film surrounding the 
bubbles. Such depressors are the cyanides, 
lime and oxidizing agents as the chromate, 
and ferrous and ferric salts. 

Sometimes ‘‘deflocculating”’ agents such 
as caustic soda or sodium silicate are 
needed to deflocculate slime and clean 
mineral surfaces. “Activator” or “pro- 
motor’’ agents may be used as when copper 
sulphate is added to zinc sulphide flotation. 
The alkalinity of the solution is usually 
very important and a knowledge of the 
most effective pH value must be known. 
Sometimes an acid circuit is much more 
desired than an alkaline one. 

It can be readily seen that froth flotation 
is far more complex than merely adding a 
few drops of oil to a pulp and agitating. It 
is becoming a highly technical and intricate 
art. 

Before describing the results of test 


- work at Champion No. 1, another type of 


flotation should be briefly described. That 
is, bulk oil flotation. In froth flotation, 
chemicals are added in small quantities— 
frequently less than 0.25 lb per ton of feed. 
In bulk oil flotation, large quantities of oil 
are added, from 5 to so pct of the feed, 
forming an amalgam of the mineral and 


’ the oil. This process is a mass process 


where the refinements mentioned pre- 
viously could not apply but in dealing with 
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coal, for instance, may have some value. 
Advantage is taken of the affinity of oils 
such as petroleum or coal tar oils towards 
coal, surrounding and wetting the coal 
particles and not wetting oxides and sili- 
cates such as clay, shale, sand, and the like. 
The amalgam formed is screened off from 
the water containing the impurities. It is 
especially effective in separating coal from 
clay and on extreme fines such as —200- 
mesh. It cannot, however, differentiate 
between boney coal and purer coal but will 
collect all highly carbonaceous material and 
also sulphides such as pyrite. This bulk oil 
process has been applied commercially as 
the Trent Process. It is necessary, of course, 
to carbonize or distill off the oil for re-use. 


FLOTATION OF BITUMINOUS COAL 


Most of the flotation experiments were 
conducted with coal coming from the 
Champion No. 1 Plant. This is Pittsburgh 
seam coal chiefly from Washington County 
and is a high volatile, high rank bituminous 
coal. It is strongly coking but too high in 
both inherent and extraneous sulphur to 
be used for metallurgical coke. Impurities 
tend to increase in the finer sizes. 

The Champion Plant is equipped with 
the Rheolaveur system for washing coarse 
coal and 3g X o fine coal. This system is 
not generally effective for efficiently clean- 
ing coal below 48-mesh size and in the 
course of operations the —48-mesh accu- 
mulates in Dorr Thickeners. This is the 
material which it was desired to clean by 
flotation and, therefore, it was largely used 

_as the raw material for test work. 

The size split at 48-mesh was not sharply 
drawn and varied under different plant 
operating conditions. A typical analysis 
and size consist under normal operating 
conditions is shown in Table 1. In general, 
this analysis would govern in most of the 
tests. In running any one series of experi- 
ments, however, care was taken to use part 
of the same sample of. Dorr Thickener 
underflow or sludge. 


FLOTATION OF BITUMINOUS COAL 


Table 1 shows that the Dorr Thickener 


underflow is practically all through 28 


mesh, with 11.7 pct + 48 mesh. Note 


that this material contains 33.3 pct — 200- 


mesh running 27.3 pct ash. Head ash is 


17.0 pct. The 100-mesh is relatively low in 
ash indicating that the Rheolaveur system 
at Champion does a fair job down to this 
size as far as ash reduction is concerned. 

The head sulphur is 2.95 pct. This im- 
purity likewise concentrates in the finer 


sizes reaching 4.50 pct in the —20o0 mesh. — 


Regarding sulphur, it is interesting to note 
that this coal contains the high amount of 
inherent sulphur of 1.35 pct of both the 
organic and sulphate variety. The balance 


TABLE 1—Flotation Heads or Feed (D.U. 


Underflow Slurry) 
(Sieve Analyses are Tyler Standard) 


; Cumu- Sul. 
Size Pct | lative | Ash* te * 
Pct pau 

Plus 28 mesh,...... 0.5 0.5 
Pt oF |. Pe AAP ey ee et I1I.2 tis 7.6 | 2.20 
AB. BOGS So 555 vib ahve 32.8 44.5 9.8 | 2.30 
TOOK 2007. ccreasisiats 22.2] 66.7 | 14.3 | 3.05 
Minus 200......... 33-3 | 100.0 |] 27.3 | 4.50 
Feat ction 100.0 17:0 | 2V05 


* Ash and Sulphur analyses on ‘‘ Dry Basis.” 


is in iron sulphide and although usually 
referred to as pyrite, is more of the mar- 
casite variety of FeS». 


f 
% 


The ordinary float and sink method of 


determining the possible ash and sulphur 
reduction by floating in liquids of various 
gravities which is so suitable for coarser 


TABLE 2—Float and Sink Analysis of Plus 
200 Mesh Flotation Feed (D. U. Underflow) 


1.35 Float E35 1.55 1.55 Sink 
Wt. Wt. ' 
Pot | Ash | Sul. | Be] Ash} Sut] Wt, 


64.3] 4.7 | 1.75 |24.1| 14.6] 2.80|11.6]45.0 | 6.55 


coals is not applicable to — 200 mesh. 
Table 2 is presented, however, to show the | 
results of gravity separation on the +200 
mesh. This indicates that at a -specific — 
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gravity of 1.35 one can recover 64.3 pct 
of the coal which will analyze 4.7 pct ash 
and 1.75 pct sulphur. Combining the 1.35 
float and the 1.35 X 1.55 float fractions, a 
recovery of 88.4 pct may be obtained at 
7.4 pct ash. 

To determine how much recoverable 


- coal may be obtained by flotation and what 


one may expect in regards to yield, ash and 
sulphur reduction from the described Dorr 
Thickener slurry shown in Table 1, a series 
of tests were made in the mechanical 
agitation laboratory machine in which a 
rougher concentrate was first made giving 


~a very high ash tailings. This rougher 


-concentrate was then re-cleaned six.times, 


each corresponding concentrate and tailing 


analyzed for ash, sulphur and weighed 
_ recovery. 


The first five passes were made by froth 


_ flotation. The sixth or final cleanup was 
__ made by changing the system from froth 
flotation to a bulk oil or Trent treatment. 


This latter method was found exceptionally 


. well adapted for removing the final ash 
_ impurities in the form of clay. 


‘In the froth flotation phase, the following 
reagents were consumed: 


Bolts Prudis Sivsscahe 3 lb per ton feed 
. 0.75 lb per ton feed 
0.87 lb per ton feed 


In the bulk oil or Trent treatment, 15 


pct by weight of kerosene was added in 


making a final cleaning of the sixth pass. 


The method used in the Trent treatment 
_will be described later. The lime added to 
the initial feed was added primarily to 


depress sulphur. Diluting water had a pH 


-yalue of 7.2. With lime the pulp pH was 
raised to 8.5. As more diluting water was 


added in the later stages, this was gradually 
reduced by the last re-cleaning to 7.2. Half 
of the kerosene and cresylic acid was added 


in the first pass and the balance by step 


oiling throughout the runs in froth flota- 
tion. In bulk-oil phase, all of the 15 pct 
kerosene was added at one time. 

The results of this re-cleaning test are 
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shown in Fig 3. The cleanest concentrates 
obtained, after six passes, was 3.6 pct ash 
at a yield of 52 pct. 81.5 pct was recovered 
at 7.6 pct ash. Yield drops off rapidly after 
6.0 pct ash is reached. From a practical 
full scale flotation operation viewpoint, it 
is believed that the economical range 
would be between 7-9 pct ash concentrates 
which would give a recovery of 80-88 pct. 
Note that this would require re-cleaning 
the first or rougher concentrates twice. 
Actually, with a multiple cell continuous 
machine this can readily be done, as well 
as re-cleaning of the tailings. Later, large 
scale plant operation was able to come 
within the desired ash-recovery range with- 
out any serious trouble. 

The sulphur curve shown in Fig 3, is 
somewhat erratic. It was always difficult 
to check sulphur results. In this series of 
tests only lime was used as a depressor. 
Although a more detailed discussion of 
pyrite depression will be discussed later, it 
should be stated here that the conclusion 
reached on pyrite or marcasite depression 
was that although other depressors may be 
more effective, lime, because of its lower 
cost, was the most practical depressing 
agent. Further, it was soon learned that in 
spite of any depressing agent the greatest 
single factor interfering with removing 
pyritic material was that of mechanical 
entrapment in the froth itself due to the 
large bulk of coal being floated off; and 
that the best and most effective method was 
to re-clean the froth by one or more passes 
through the machine. 

Fig 4 shows the recovery and ash in the 
concentrates according to size consist 
throughout the six re-cleaning operations 
previously described. As Table 1 shows, 
the raw 28 X 48-mesh increment is rela- 
tively clean running 7.6 pct ash, and other 
increments progressively dirtier reaching 
27.3 pct ash in the — 200 mesh. 

The inherent ash in this coal is appar- 
ently slightly below 3 pct. Repeated tests 
regardless of reagents used, failed to reduce 
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the ash any lower. In investigations of other 
Pittsburgh coals, the lowest ash concen- 


trate ever obtained was 2.7 pct. Recovery, 
of course, drops off very rapidly in these 


S 
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FLOTATION OF BITUMINOUS COAL 


this is often true. in coal flotation. The 
coarser particles will float last and a large 
proportion of the —200 mesh will float — 


first, but there will also be a proportion of 


/0 12. 
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Fic 3—CONCENTRATE ASH AND SULPHUR AND TAILINGS ASH VS. RECOVERY—CHAMPION NO. I 
Dorr THICKENER UNDERFLOW. 


final low ash stages. Note that the —200 
mesh curve crosses the 100 X 200-mesh 
curve, giving a cleaner product in the final 
stages. 

John T. Crawford® in his studies of bi- 
tuminous coal flotation states that in the 
flotation of coal, the —200 mesh particles 
float off first, followed by the 100 X 200- 
mesh and then the coarser sizes in order of 
their increased particle size. 

A. M. Gaudin et al,!° in a study of the 
flotation of minerals each as galena and 
sphalerite, state that the medium coarse 
particles will float off first and that the 
extreme fines are sometimes very difficult 
to float and slower acting. 

It has been the author’s experience that 


—200 mesh which is harder to float and 


that is the extreme fines of perhaps under 


20 microns. This material can be classed as 


slimes or colloids and an excess of these 
extreme fine sizes is 


vers 


detrimental , to | 
flotation, slowing up the reaction, causing — 


excessive reagent consumption and poor — 


recovery. 

A. M. Gaudin et al state in their study 
two possible hypotheses which may explain 
the reasons for the inhibiting effect of 
extreme fines, to quote: 

‘3. If fine particles are sufficiently small 
to be in Brownian movement, the molecular 
bombardment may be sufficient to dislodge 
them from gas-bubble boundaries, thus 
preventing effective flotation. 
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“4. If the probability of fine particles 
adhering to air bubbles, or having air pre- 
cipitated on their surface is substantially 
smaller than the similar probability in 


100 


90 


8d 


Fer Cent recovery 


20 


345 


lectors and frothers that an impure con- 
centrate would result. 56.f) 

It is far more economical to clean these 
coarser particles by some other means. 


PerCent Ash in Concentrates 


Fic 4—RECOVERY AND ASH IN CONCENTRATES ACCORDING TO SIZE CONSIST. 


the case of coarser particles, fine particles 


should not float as completely as coarse 


particles and more time should be required 
to complete flotation.” 

The largest sizes that can be floated in 
froth flotation depend upon various factors 


such as specific gravity, wetability using 


c. 


_ the most effective collector, 
particle and the surface tension of the 
fluid. Generally speaking, it is possible to 


metallic minerals. 
346 in. were floated in the laboratory 
machine at Champion No. ft. 
these coarse particles, however, the feed 
- would have to be closely sized and it 


shape of 
float larger coal particles than heavy 
Particles as large as 


To float 


would be necessary to use such strong col- 


Experience at Champion No. 1 was that 
48-mesh was the most practical and efficient 
top size to clean by flotation. If excessive 
coarser sizes should enter the feed, it would 
be better to screen or classify them out of 
tailings rather than attempt to float them. 


Pute DENSITY IN FROTH FLOTATION 


As pointed out by John T. Crawford? 
pulp densities normally used in froth 
flotation of metallic ores are of little guide 
to desired densities in floating coal. This 
can be readily appreciated when one 
realizes that the specific gravity of ores 
may be over 3.0 while that of coal is 
about 1.5. Another factor is that in coal 
flotation the bulk of the material is floated 
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while in metallic ores the percent of mineral 
floated is very small. A third factor is that 
the bulk of coal slurry treated, such as 
Champion No. 1 Dorr Thickener underflow 
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Acid; and 0.65 lb Kerosene per ton of dry — 
feed. ; 

Actually in a continuous flotation mill 
circuit the pulp dilution varies at different — 
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Fic 5—EFFECT OF VARYING PULP DENSITY. 


is —200-mesh and these extreme fines 
require greater pulp dilution than coarser 
particles. 

Metallic ores are usually floated with 
pulp densities ranging from 20 to 30 pct 
solids. If one were’ treating relatively 
coarse bituminous coal, say —28-mesh 
with a minimum of —200-mesh particles, 
good results could be obtained with a pulp 
density of 20 pct. In treating Champion 


No. 1 underflow of size consist shown in ' 


Table 1 best results were obtained with 
dilutions of 10-12 pct solids. 

Higher densities result in higher ash 
concentrates. Lower densities result in 
cleaner concentrates but also somewhat 
lower ash tailings. Extremely low densities 
cause excessive reagent consumption and 
an excessive use of water. The effect of 
pulp dilution in floating Thickener under- 
flow is shown graphically in Fig 5. The 
same amount of reagents was used in all 
tests, namely, 2 lb CaO; 0.5 lb Cresylic 


points in the circuit. Normal thickener 
underflow will run 50 pct solids. At this 
consistency lime and part of the collecting 


_ reagent are usually added in the pump or — 


conditioning tank. Diluting water is added 
at the feed to the first cell to 15 to 20 pet — 
solids. Each succeeding cell will then have 
a more dilute. pulp as concentrates are 
removed. Where concentrates are re- 
cleaned water is added to keep the dilution © 
down. 
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WATER AND EFFECT OF PH VALUE 


Generally speaking, the pH value and the 
amount of soluble salts in the water used in 
flotation are important factors. In the 
flotation of many minerals it is absolutely 
necessary to control these factors for suc-— 
cessful separation. Collecting agents es- 
pecially are most sensitive to pH as well as 
depressors or dispersing agents. 

An example of the importance of proper — 
pH control is ably illustrated in a paper 


Yew. 
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_ by H. H. Kellogg and H. Vasquez-Rosas!! 


in their research on the use of long chain 
primary amines as a collector for the flota- 
tion of galena-sphalerite ores. Maximum 
contact angles for each mineral were ob- 
tained within relatively narrow ranges of 
pH values 

To date, incomplete data are available 
in the study of the full effect of pH value 
in coal flotation, especially with the use of 


‘complex chemical reagents and it is to be 


hoped that a more scientific study will be 
made of this phase of coal flotation in the 
near future. 

In the investigation work at Champion 


-No. 1 and in further tests at other plants of 


the Pittsburgh Coal Co., the effect of solu- 
ble salts in the water appeared to be rather 
negligible. A series of flotation tests using 
the same coal showed only a slight re- 


_ tardation with the use of water containing 


-a high amount of soluble salts. The Cham- 


pion No. 1 water supply had an alkalinity 
~ of roo parts per million and a pH value of 
7.5. The amount of soluble salts in fresh 


make up water to the plant contained 
only 46 parts per million of sulphates and 


S 24 parts per million of chlorides. 


The alkalinity or acidity of the water, 
measured in terms of its pH value, affects 
both the flotability of coal and pyrite. On 


_ the acid side a better grade of concentrates 


is obtained than on the alkaline side. 
Unfortunately, this holds true of both 
coal and pyrite. Acid circuits were found to 


be better for dispersing of slimes and col- 


 loids. A higher recovery, however, was 


_ obtained in slightly alkaline circuits, that 
is, pH of 7.0 to 7.5. With increase of pH, 


~ recovery and grade dropped appreciably, 
' particularly, after 8.5 pH. This is shown in 
_ Fig 6. Due to the advantages in depressing 


iron sulphide, however, it was concluded 


that a solution of 8.0 to 8.5 pH was the 


_ most desirable range in treating Champion 


No. 1 slurry and was usually obtained by 


the addition to the flotation circuit of 2 


Ib of lime per ton of coal treated. 
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In the tests shown in Fig 6, Champion 
No. 1 slurry of 17.0 pct head ash and 2.95 
pet sulphur of similar analysis to that 
shown in Table 1 was used. Champion No. 
1 fresh water was used for dilution and pH 
controlled by additions of lime or sulphuric 
acid. Analyses are the results of six 
separate tests at different pH values. 
Rougher or single pass concentrates only 
were collected. A standard frother of 0.45 
lb of cresylic acid and 0.65 lb of kerosene 
collector per ton of feed was consumed in 
each test, with five minutes conditioning 


.time of pH regulator and fifteen minutes 


flotation time. The coal sample for each 
test consisted of 1,000 g. 


FLOTATION REAGENTS 


In the first part of this paper it was men- 
tioned that flotation reagents were divided 
into various classifications according to 
their purpose. In general, they come under 
the major headings of frothers, collectors, 
depressors, and dispersing agents. There is 
an almost endless variety of compounds 
and, in a sense, there is no such thing as 
choosing permanent reagents because there 
are continuously being added to the market 
new chemicals which may be cheaper and 
more effective than previous ones. Further, 
a chemical used for treating one coal under 
certain conditions may not be as effective 
as others under different conditions. Each 
individual application must be studied 
separately. 

During the course of the Pittsburgh Coal 
Co.’s investigation over one hundred dif- 
ferent reagents were tested. Admittedly, 
many of them were subjected to only brief 
tests and it is conceivable that some which 
were rejected, would under a more close 
and thorough investigation prove to have 
considerable merit. The author feels that 
especially in view of the importance of 
finding the proper pH range for each indi- 
vidual reagent, a re-investigation of many 
of the chemicals should be made. 

Coal is comparatively easy to float. 
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Freshly, crushed coal without any reagents 
will partially float if dropped into fresh 
water, or a few drops of frothing agent 
alone may do a fair job. Where it is neces- 
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if 
ble and therefore, cheaper though inferiory + 


reagents may be employed. 
Many of the older coal tar products — 
mentioned in coal flotation literature were 


f 


Py aes 


pH Value 


Fic 6—EFFECT OF VARYING PH VALUE. 


sary, however, to make a more accurate 
separation with maximum recovery and at 
the same time to depress iron sulphides, 
bone coal and other deleterious material, 
the choice and use of proper reagents be- 
comes more complicated. 

Another factor of equal importance in 
coal flotation, and previously mentioned by 
D. H. Davis! is the consistency and tough- 
ness of the froth. A coal froth must be 
tough enough to have sufficient carrying 
capacity, and at the same time be suffi- 
ciently brittle to break down readily for 
subsequent handling and filtering. 

’ Finally, coal, a relatively low priced min- 
eral. must be separated as cheaply as possi- 


; 
, 


found to be unsatisfactory due to their non- — 
selectiveness and too tough a froth. Under | 
this category are crude coke oven tars and © 
creosote oils. Although many frothers have 
considerable ‘‘collecting” properties and — 
vice versa, and could be employed by 
themselves, it was found necessary to 
employ both collectors and frothers. ; 
Of frothers, the choice finally narrowed | 
down to the use of pine oil or cresylic acid. — 
It was found that steam distilled pine oil | 
was the most powerful frother. Cresylic 
acid, however, produced a cleaner grade of 
concentrate and a more brittle froth. This, — 
plus the factor of price, decided our choice : 
of this agent for our frothing agent. : 
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Cresylic acid is a loosely applied term 
pertaining to alkyl phenols boiling above 
190°C and may consist of mixtures of 
ortho-meta and para-cresol as well as 
xylenols and a variety of higher boiling 
homologues. It may be obtained from 
petroleum, high or low temperature tars. 


- At Champion No. 1, because of the close 


proximity of the Disco Low Temperature 
Coke plant, use was made of the cresylic 
acid from this process and it was found 
just as effective as that obtained from 
other processes. The consumption of 
cresylic acid as a frothing agent varies with 
the numerous conditions mentioned in this 
report. Under so called “normal” plant 


- conditions using Dorr thickener underflow 
slurry, where kerosene or fuel oil was used 


as a collector and pH raised to 8.0-8.5, 
usual consumption would be 0.45 to 0.65 


~ lb cresylic acid per ton of feed. 


A wide variety of collecting agents was 
tried out. They included such reagents as 


the xanthates, aerofloats, thiocarbanilid, 


oleic acid, tar oils, crude petroleum oil, 

kerosene, fuel oil and low temperature tar 
fractions. Although, as previously men- 
tioned, a closer and more scientific control 
_ may readily bring out the value of many of 
- the newer organic compounds, it was our 
experience that most of them were unsuit- 


able and too strong for coal flotation, due 
‘to the highly carbonaceous character of 
ee the 


impurities, difficulty in removing 


pyrite and, quite importantly, the physical 
characteristics of the resultant froths. 


The choice for collectors narrowed down 
to certain petroleum products, such as fuel 


oil, coal spray oil, kerosene and even 


straight Penna. crude petroleum. Water 


gas tar was found to be effective also. Of 
these mentioned, kerosene and fuel oil gave 


‘the most consistent and best results. In 


plant practice it became largely a matter of 


price and availability although laboratory 
tests showed somewhat. better performance 


with kerosene. 


a 


> 


These collectors produced a heavy min- 
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eralized froth. concentrate, a saving in 
frother reagent consumption, gave a higher 
percent solids in the concentrates and at 
the same time were unusually selective in 
separating coal from its impurities. Kero- 
sene, especially, appeared to have the 
property of flocculating and helping to 
break down the froth. In fact, if used ex- 
cessively, it would tend to destroy the 
froth before the froth could be removed 
from the machine. 

The consumption of either fuel oil or 
kerosene would normally amount to 0.45 | 
to 0.65 lb per ton of feed, which, as above 
mentioned, is the same range specified for 
the use of cresylic acid. 

Our concern with depressing agents was 
almost entirely for the purpose of depres- 
sing iron sulphides. Some work was done 
with the use of dispersing agents such as 
the silicates to disperse slimes, but innumer- 
able tests were made with various depres- 
sors for the purpose of removing iron 
sulphides. 

Unfortunately, although most of the 
coal flotation laboratory investigations 
were later duplicated in the plant installa- 
tions with very close agreement, such was 
not the case when attempts were made to 
depress iron sulphides on a large scale. 
It was soon discovered that in dealing with 
large tonnages, the voluminous froth 
produced brought large quantities of iron 
sulphides with it in spite of any practical 
quantity of depressor which could be added. 

This action was called mechanical en- 
trapment and it was dealt with chiefly by 
re-cleaning or re-floating the concentrates 
once or twice more. 

Aside from mechanical entrapment there 
was found to be a wide variation in the 
floatability of iron sulphides due to its 
character or structure. Much of the so- 
called pyrite is frequently in the form of 
marcasite. Although the only difference 
between marcasite and pyrite is one of 
crystal structure, the former being ortho- 
rombic and the latter isometric, it was 
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found that marcasite was more difficult to 
depress than pyrite and that the iron sul- 
phide in Champion No. 1 slurry was more 
of the marcasite variety. 

The floatability of pyrite or marcasite 
also varied according to the amount of 
laminated particles containing layers of 
coal, the latter naturally being difficult to 
depress. 

On the othet hand, oxidized or partially 
oxidized iron sulphide particles were dif- 
ficult to float and it is believed that the 
oxidation products of iron sulphide have a 
far more depressing effect on pyrite or 
marcasite than any outside depressing 
agent added, as can be demonstrated 
easily by anyone comparing freshly ground 
pyrite with that found circulating in coal 
washery water. The effect of natural oxida- 
tion products on pyrite is described by 
H. F. Yancey and J. A. Taylor.” 

Certain types of compounds are more 
suitable for depressing pyrite and/or 
marcasite. They are usually of the divalent 
sulphur or trivalent nitrogen type. The 
groupings which should give a wetted sur- 
face are the hydroxyl, the sulphonic, the 
nitro, the carboxyl and any similar radical 
which makes the compound more soluble. 
Taggart® mentions the use of gelatine, 
starch, glue and other colloidal substances 
as being effective. The author’s experience 
with the latter type of agents is that they 
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to be the most effective depressant of pyrite 


; 


a 
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were efficient between 4.6 and 6.9 pH but 


lost their effectiveness sharply on both 
sides of this range. Where lime is used as. 
a depressant the higher the pH the greater 
the depressing effect. This is illustrated in 
Fig 6. Since high pH likewise depressed 
coal, a compromise was reached by operat- 
ing at not over a pH of 8.5. 

Sodium or potassium cyanide depresses 
pyrite, and tests using cyanide up to 0.3 
lb per ton feed would bring Champion No. 1 
slurry containing 2.95 pct sulphur down to 


2.35 pct. Sodium cyanide used in combina- 


tion with lime would further reduce 
sulphur content to 2.10 pct. 

Under the same conditions, however, 
lime alone would reduce sulphur to 2.40 
pet (rougher concentrates, with no re- 
cleaning) and since cyanides are expensive; 
there was no point for its use in practice. 


_The effectiveness of cyanides also appear 


to be greatly reduced by mill water con- 
taining a high amount of soluble salts. 


In almost every case, in the study of de- 


pressants, the cost of the reagents in re- 
spect to their final effectiveness in plant 
practice prohibits their use under present 
economic conditions. Conceivably, how- 


ever, where good, low sulphur coking coals" 


are becoming scarce their use should be 
considered in spite of the many limiting 
factors mentioned by the author. 


‘ 


Under the conditions at Champion No. 1, + 
it was concluded that lime alone was suffi-- 
cient for our needs. Lime is not only rela- 
tively cheap, but serves to keep the system | 
alkaline, controls pH value and aids, in 
general, settling of solids in thickeners and — 
settling tanks. , 

In the laboratory it was found that the | 
rate of 2 lb of lime per ton of Dorr thick- 
ener slurry (dry basis) was sufficient to — 


will also depress coal with equal effect. 
Some of the most effective reagents for 
depressing iron sulphide as far as laboratory 
testing is concerned are listed as follows: 
Sodium or potassium cyanide. Lime. 
Sodium carbonate or bi-carbonate. Pyro- 
gallic acid. Para-aminophenol. Di-potas- 
sium phenol sulphonic acid. Sodium and 
potassium hydroxide. Permanganates. Fer- 
rous and ferric sulphates. Sodium sulphite. 


As previously discussed, pH control is 
essential in the effective use of any reagent. 
It is certainly true of depressing agents. 
H. F. Yancey and J. A. Taylor! point out 
that the iron sulphates, which they found 


produce the desired 8.0-8.5 pH. In plant 
practice where the entire water system 
would be kept at that pH range the actual 
quantity would vary depending upon the 
many plant variables. An important factor 
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in the use of lime is that it is desirable to 
have as long a conditioning or contact time 
with the coal-iron sulphide feed as possible 
and therefore, it would usually be added 
at the farthest point from the flotation 
machine. 

The author wishes again to make clear 
in the final selection of reagents both as to 
kind and quantity, that an investigator 
or coal preparation plant operator must 
study his own peculiar conditions to deter- 
mine what reagents he should use in his 
own particular problem. 

Table 3 recapitulates not the best results 
ever achieved but the results obtained 
considering economic and other practical 
factors involved in setting up a commercial 
flotation installation at Champion No. tr. 
The figures are obtained from laboratory 
tests. Later, plant practice checked these 
results very closely except that sulphur 
content was usually 0.10 to 0.15 pct higher 
in the plant clean coal product. Note that 
it is considered that at least one re-cleaning 
of froth concentrates is necessary. 


BuLk Ort FLOTATION 


Earlier in this paper a brief reference 
was made to experiments using bulk oil 
flotation as distinct from froth flotation, 
and to the fact that the bulk oil method 
may have value in situations where extreme 


‘fines (a high percentage of — 200-mesh) 


exist, or where the coal washery system 


-contains a high percentage of clay. 


The need for bulk oil flotation in the 


TABLE 
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research at Champion No. 1 arose when it 
was found difficult to remove last traces of 
clay from concentrates or where recovery 
was greatly affected by slurry feeds con- 
taining a great amount of slimes or 
colloidal matter. Having made some pre- 
liminary tests which showed promise, 
further work developed some interesting 
facts not heretofore believed known. 

Bulk oil flotation is where a large quan- 
tity of oil, say 5 to 50 pct, (usually a crude 
petroleum or coal tar oil), is agitated in a 
water solution containing sulphide min- 
erals, or carbonaceous or bituminous 
particles and their impurities. Due to the 
natural affinity of oils toward these kinds 
of minerals, an oily mass called an amalgam 
is formed containing coal or other minerals. 
The impurities in the form of clay or other 
oxides are left in suspension in the water 
solution. When used in connection with the 
cleaning of coal it is called the Trent 
Process. 

Obviously, this is not a highly selective 
process in cleaning a coal which contains 
bone coal or carbonaceous laminated 
particles, because the large quantity of oil 
used will collect this material with the coal. 
It will also collect iron sulphides with the 
coal. An almost perfect separation or divi- 
sion occurs, however, in dealing with clayey 
matter and other non-sulphide and non- 
carbonaceous material. 

In an attempt to find the lowest ash 
obtainable from Champion No. 1 Dorr 
Thickener underflow slurry, the final clean- 


3—Reagents, Recovery, Ash and Sulphur Reduction, by Two Pass Froth Flotation | 


on Champion No. 1, Dorr Underflow 


Condition Float Pct Pet Pct 
Reagents Used per Ton Feed Hiei oh aoe Product REG Sul. Reeevery 
ee a ee 
5, CAGk etna pee oom 5 Heads 17.0 2.95 100.0 
ae iis, Graaylic (A GiGi Mitines Hoes wteghe = I 15 Rougher conc. 9.0 2.50 89.5 
0.65 lb Kerosene.......------ creative thatane w 2 8 Re-clean conc. 8.2 2.25 80.0 
pH RULING Since a trate cel eters n osele wovbiacen rer Comb. tailings | 66.3 5.58 20.0 


* Treatment of 1000 g sample (dry basis). 0.35 Ib Cresylic Acid and 
balance added by ‘‘step-oiling”’ during part of first and second pass. All 


raw coal basis. 


0.45 lb kerosene used in first addition, 
reagents calculated on a per ton of dry 
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ing of froth concentrates after five passes 
still showed evidence of clay. A sixth pass 
or re-cleaning was made by bulk oil 
flotation reducing the ash from 4.5 pct in 
the fifth or last froth concentrate to 3.6 
pct. The final low ash concentrates shown 
in Fig 3 and 4 were obtained in this 
manner. 

The normal bulk oil or Trent concen- 
trates, called amalgam, collect into an 
oily mass which, with cessation of agitation, 
will generally settle to the bottom of the 
machine. To separate the tailings it is 
necessary to drain the contents out onto a 
screen, the amalgam being retained on the 
screen and the water and impurities drain- 
ing through. : 

First test work was accomplished in the 
same single-cell batch, mechanical agitation 
machine employed for froth flotation, 
using 1000 g samples, adding a given 
percentage of oil, and agitating generally 
for about 8 min., or until the amalgam has 
become well formed. Although working 
well in dilute solutions, good separations 
can be made at higher pulp densities up to 
30 pct solids. If the higher densities are 
used, it will usually be necessary to wash 
the amalgam with fresh water to remove 
traces of impurities entrapped in the mass. 

Higher percentages of oil will speed up 
the reaction as well as give a lower moisture 
product. The kind of oil used also has a 
great deal to do with the speed of formation 
and the physical characteristics of the 
amalgam. 

As in froth flotation, a wide variety of 
_ agents was tested such as petroleum oils, 
coal tars and coal tar oils, vegetable and 
animal oils. All these formed amalgams and 
with very little difference in ash content. 
The physical: characteristics, however, 
varied as well as the quantity of agent 
required and the length of time required 


to agitate. No effective depressant of iron- 


sulphide was found and pH value appeared 
to have little significance. Some reduction 
in sulphur was obtained, however, by re- 
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agitation and thorough washing of amal- 
gam. Of coal tars, water gas tar gave 
superior results. Of petroleum products, 
crude oil, fuel oil, or kerosene was the best. 
Motor gasoline and benzol were also 
effective. 

One objection to the ordinary amalgam 
is that of difficulty in drawing the moisture 
from the irregular shaped and frequently 
sticky mass. It was found that continued 
agitation in the machine, especially at 
lower speeds, produced an entirely different 
type of product. The amalgam would 
separate into small fish-egg shaped particles 
called ‘‘caviar.” This type of product 
drained water much more readily; and 
whereas moisture might be as high as 25 
pet for amalgam, when ‘‘caviar” was 
formed it would be reduced to 10 to 15 pet. 

The ‘‘caviar” forming stage would gen- 
erally require an additional 10 min. agita- 
tion in a test where 8 min. constituted the 
normal amalgam stage. Impellor speed in 
the apparatus is reduced from 1200 rpm 
to one-half or 600 rpm. ; 

With the success of the formation of 
“caviar” it was decided to attempt to 
carry this idea even further by forming the 
amalgam into larger sized pellets. With 
this in mind, a churn or slow moving agita- 
tor was built. It consisted of a rectangular 
shaped steel box of 5-gal capacity when 
half full, and so placed that the horizontal 
drive shaft passed through the diagonal 


corners. This caused material in the box’ 


to run from end to end as well as turn ina 
circular motion. Rotating speed was 24 
rpm. 

In the application of the above appara- 
tus, it was found desirable in order to 
speed up the formation, to first prepare the 
amalgam in the high speed agitation 
machine and then transfer the contents to 
the churn. An hour’s churning turned the 
amalgam into small balls about the size of 
marbles. Longer periods of churning pro- 


duced balls of greater diameter. Six hours ~ 


of churning made balls 2 in. in diam. These 
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larger balls contained but 5 pct moisture. 
Balls 14 in. in diam contained 8 pct mois- 
ture. By moisture is meant “surface” 
moisture. 

These amalgam balls were hard enough 
to permit handling on screens and because 
of the squeezing out of clayey water were 

- somewhat lower in ash than ordinary 
amalgam. They were not of sufficient 
strength, however, to permit handling in 

conveyors or storage into bins. When car- 
bonized at low temperatures of 1000°F 
they could possibly make a satisfactory 
smokeless fuel. 

Whether the use of bulk oil flotation has 
~ any commercial value is rather difficult to 
* say. The cost_of using 15 or 20 pet oil is 
- normally considered prohibitive. Four or 
five Trent plants have been built in this 
country in past years but to the author’s 
- knowledge none has become a commercial 
success. Perhaps by producing a product 
similar to that made in the above churn 
and then making a low temperature coke, 
_utilizing some of the by-product oils to 
make the amalgam, it may become an 
economic possibility. 
ras Table 4 gives analytical data concerning 
- Dorr Thickener overflow on which tests 
were made by bulk oil flotation to illustrate 
the effectiveness of this process for cleaning 
extreme fines. Dorr overflow was used 
_ because~of its being 84.8 pct —200-mesh. 


~ Tasre 4—Champion No. 1, Dorr Overflow 
a Solids 

In ye sn aed 
Pct Wt. | Pct Ash} Pct Sul. 


Z 3.2 9.3 

TOO. X 200, 2... 06s > I2.0 10.6 2.00 

= 200. rc ere enc ecen 84.8 23.7 2.45 
Pleads tejeu micuete cra 100.0 22.4 2.40 

Caen 


Table 5 gives the analytical results of 
bulk oil flotation on the material shown in 
Table 4. An exceptionally clean concentrate 
is obtained of 5.2 pct ash at a 76.8 pct 
yield. Even sulphur reduction is remark- 
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able. This reduction in sulphur is explained 
by the fact that overflow solids are recir- 
culated solids which have passed many 
times through the washery water system 
and have become thoroughly oxidized. This 
test also illustrates the high amount of 
recoverable low ash coal available. 

Reagent used in producing the amalgam 
consisted of 20 pct Pennsylvania crude 
petroleum oil and lime at the rate of 2 lb 
per ton feed. 


TaBLeE 5—Bulk Oil Flotation on Champion 
No. 1 Overflow 


Product Pct Ash} Pct Sul. | Pct Wt. 
Pleadtitirts secs cis crew's > 22. 2.40 100.0 
Amalgam..,.......--- 5.2 1.65 76.8 
PRNEULITES ro ete cles ether tow 79.8 4.75 2312 


SUMMARY 


This paper describes some of the results 
obtained in coal flotation research at 
Champion No. 1 of the Pittsburgh Coal 
Co. It has been shown that bituminous fine 
coal can be readily cleaned by flotation 
methods and that it is possible to duplicate 
in plant practice most of the theories and 
facts demonstrated in the laboratory. 

The author discusses certain aspects of 
flotation theory especially in regard to the 
new types of reagents now on the market 
and the importance of proper pH control. 
The bulk of the investigation work was 
conducted on Champion No. 1, Dorr thick- 
ener underflow slurry consisting mostly of 
particles under 48-mesh of which 33.3 pct 
was —200-mesh. This slurry ran 17.0 pct 
ash and 2.95 pct sulphur. 

The cleanest concentrates obtained with 
this type feed was 3.6 pct ash at a yield of 
52 pct. This required six re-cleanings of the 
concentrates. The economical range for 
Champion No. 1 slurry was 7-9 pct ash 
giving 80 to 88 pct yield. To achieve this 
would require re-cleaning the rougher or 
first concentrates at least once. 

In coal froth flotation, the author found 
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that coarser particles float last, middle 
size particles down to approximately 20 
microns will float first, followed by extreme 
fines of a colloidal nature, some of which 
will float with difficulty. Although it is 
possible to float particles up to 346 in., in 
practice it is much better to confine flota- 
tion to —28- or —48-mesh. 

Most desirable pulp density for —48- 
mesh coal was found to be 10-12 pet solids. 
Higher densities result in higher ash con- 
centrates, lower densities cause excessive 
reagent consumption. 

Effect of moderate amount of soluble 
salts appears to be negligible in coal flota- 
tion. Some retardation appears, however, 
when using water containing a high amount 
of soluble salts. Alkalinity or acidity of the 
water in terms of its pH value affect the 
floatability of both coal and pyrite. 

On the acid side, a better grade of coal 
as to ash content is obtained, but there also 
results a higher iron sulphide content. The 
highest coal recovery was obtained in a 
pH range of 7.0 to 7.5. With increase of pH 
value, recovery and grade dropped ap- 
preciably. Since higher pH depresses iron 
sulphides when lime is used as a depressor, 
in practice a pH range of 8.0 to 8.5 was 
held advisable. | 

The use of frothers, collectors and de- 
pressing agents are discussed. For Cham- 
pion No. 1 practice it was found that the 
most suitable agents and their approximate 
consumption are as follows: 

2 lb lime (CaO) per ton feed (dry basis) 
0.45 to 0.65 lb Cresylic Acid 
0.45 to 0.65 lb kerosene 

It is carefully pointed out, however, that 
each operator must study his own particu- 
lar needs and that many factors will affect 
not only the type of reagents used but the 
quantity consumed. 

Attention is called to the desirability of 
using a frothing agent which will produce a 
brittle, rather than tough froth, in order to 
permit it to break down readily after leay- 
ing the flotation machine. It was found that 
kerosene used as a collector aided in this 
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action. Fuel oil and Pennsylvania crude 
petroleum were also effective. 


sae were al 


Although many depressors of iron sul- : 


phides were found effective in the labora- 
tory, in plant practice no depressor 
appeared to be entirely satisfactory due to 
the tendency of pyrite or marcasite to be- 


Noh 


come entrapped in the large volume of © 
froth. Other agents were more effective — 
than lime but the latter was used chiefly — 
because of its cheapness and use in control- — 


ling pH value. Recleaning the concentrates 


was found necessary regardless of what — 


depressors were used. 

Iron sulphide can be either of the mar- 
casite or pyritic variety. Evidence appears 
to support the belief that the marcasite 


ee en aes 


variety is more difficult to depress than the © 


pyritic. In either case, however, it seems — 


that the oxidation products of oxidized or 


partially oxidized iron sulphides have a far 
more depressing effect than any outside 
agent used. 

The investigation of bulk oil flotation is 
described. This particular type of flotation 
is especially effective in removing coal from 


clay and tests indicated that it did a better — 


job on extreme fines, such as —200-mesh, 
than could be obtained by froth flotation. 
By this method, Dorr overflow water with 


solids running 84.8 pct —200-mesh and 


22.4 pct ash was cleaned to 5.2 pct ash ata 
76.8 pet yield. 

For bulk oil flotation, crude petroleum, 
kerosene, fuel oil, water gas tar, and many 


crude or rough distillate cuts were effective — 


in producing the desired amalgam, requir- 


ing, for good results, 15 to 30 pct reagent. 


Slower churning of the amalgam after 


once formed produced pellets of coal and — 


oil, which made them easier to handle and — 


dewater. 


There are numerous detrimental factors — 
in the use of bulk oil flotation, however. — 


This method of operation picks up all 
carbonaceous material, and where there is a 
high percentage of bone coal or middlings, 
these particles will be gathered with the 
recovered coal. This is also true of sulphides 
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DISCUSSION 


present unless they are thoroughly oxidized. 
Other serious objections are the high cost of 
reagents and a satisfactory method of 
handling the concentrates (amalgam). It 
may be possible to devise a method of car- 
bonization whereby the reagent can be 
distilled off and re-used and a low tempera- 
ture coke formed from the residue. 

In presenting this paper, the author 
hopes that it may create a further interest 
on the part of others to conduct more 
research on the various factors affecting 
the flotation of coal. He believes that al- 
though the time is already at hand where 
some coal slurries and extreme fines may 
be cleaned economically by flotation, much 
work is yet to be done in applying the 
present day scientific tools available to 
coal technologists. 
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DISCUSSION 
(T. W. Guy and J. Griffen presiding) 


M. G. DriessEN*—I would like to con- 
gratulate Mr. Zimmerman on this excellent 
paper and I would like to state that I have 
just come over from Holland where there 
are the largest coal flotation plants in the 
world. 

The capacity of one mine is 10,000 tons 
a day and approximately 20 pct of the coal, 
2000 tons a day, will be recovered by froth 
flotation. All this material is under 34 mm. 

Froth flotation is accomplished by me- 
chanical stirring, and the process operates 
in about five successive stages. We do not 
use oil but we use the waste water from 
the cokeries. 

I may add that the bituminous coal 
which we use is very easy to froth flotate 
and is a very excellent coking coal. I might 
ask Mr. Zimmerman when he speaks about 
inherent ash, what is the exact definition of 
inherent ash? As soon as the coal is broken 
up into sufficiently small particles, for in- 
stance under so microns, it can be cleaned 
down to even a few tenths of a per cent ash 
and so I think the expression “inherent 
ash” is most indefinite. It depends on just 
how far you go down by breaking it into 
smaller particles and separating it into dif- 
ferent specific gravity fractions. 

The low ash content, by separating the 
coal at about 1.28 cannot be obtained by 
ordinary ways but must be effected by cen- 
trifugal means. 


* Pittsburgh, Pa. 
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J. GrirreEN—With the coals in northern 
France and Belgium—and I imagine those 
in Holland are the same—you may float 
the sink test and get a float coal of 8{9 pct 
ash. That is very unusual in this country 
under the same conditions. Your general 
principle may be right but I doubt that 
our coals go down to quite as low ash, as 
far as the Pittsburgh scene is concerned 
anyway. 

Mr. Zimmerman, I think it should be 
emphasized that this work was done quite 
a few years ago when coal was not worth 
as much as it is today. The economic angle 
had a great bearing on the particular lines 
which were followed in the laboratory work. 

With today’s value of coal, I think Mr. 
Zimmerman would agree that the results of 
his investigation could be reviewed and the 
emphasis might be on different techniques 
or reagents. Furthermore, the optimum 
procedures and reagents developed by Mr. 
Zimmerman for their Pittsburgh seam coal 
were largely influenced by the presence of 
considerable sulphur in the pyritic form, 
whether it is pyrite or marcasite. With 
present day economic considerations and 
with the absence of the sulphur problem, it 
is possible that different reagents might be 
selected for optimum economic results. 


R. E. Zimmerman (author’s reply)—In 
answer to Mr. Driessen’s interesting com- 
ments, it is well known that flotation of 
fine coal is practiced considerably in 
Europe. Noting his statements that one 
mine produces 2000 tons a day of minus 
34 mm, this would indicate that they must 
have a considerable fines problem as 34 mm 
is approximately 20 mesh. 

I believe my paper emphasized that the 
reagents used at Champion may not be 
necessarily suitable elsewhere and each 
individual plant must decide for itself what 
is best suited for its own local use, depend- 
ing upon coal characteristics, water condi- 
tions and cheapness of available reagents. 


FLOTATION OF BITUMINOUS COAL 


As to an exact definition of “inherent” - 


ash,” I agree with Mr. Driessen that the 
line of demarcation between “inherent” and 
“extraneous” ash, as in the same line in 
determining coal moisture content, is quite 
difficult to obtain and is usually an arbi- 
trary term. I ordinarily think of inherent 
ash as the lowest ash obtainable by float 
and sink methods on the sizes of coal nor- 
mally treated’ by commercial cleaning 
plants. 

In regard to Mr. Griffen’s remarks that 
present coal values or economic conditions 
would warrant different techniques and 
different reagents, I do not quite follow. 

In the first place, I specifically stated 
that there was no such thing as per- 
manently picking a flotation reagent, but 
that newer and more reagents were con- 
tinuously coming out on the market which 
could readily supplant those tested. 

We were greatly concerned with sulphur 
reduction at the time of our research. I am 
sure a discussion with the steel people today 
would bring out the fact that it is an ever 
increasing problem now with the depletion 
of low sulphur coals. 

The fact that coal is worth more today 
than it was before the war, in my opinion 
is an even better reason for following the 
lines suggested in my paper. A great deal of 
recoverable coal is being thrown away in 
refuse piles and nearby streams by most of 
our washeries and this could be recovered 
at a profit if treated by flotation. 

I firmly believe that many of the basic 
fundamentals found in our research and 
reported in my paper are just as important 
today as they were before World War II 
and that the techniques used will be of 
considerable value to those continuing re- 
search in flotation. This statement is not 
to be misconstrued into believing that no 
further testing and experiments are neces- 
sary. Far from such a conclusion, it is 
readily acknowledged that our research 
was but a beginning and that much work 
has yet to be done. 
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Cleaning Anthracite Silt for Boiler Fuel with Humphreys Spiral 
Separator - 


By W. L. DenneNn* and.V. H: Witson,* Mempers AIME 
(New York Meeting, February 1948) 


THIS paper is a description of the opera- 
tion and results of a Humphreys Spiral Silt 
Cleaning Plant at the Powderly Colliery of 


time to secure the results desired. Views 
of the silt preparation plant and of the 
screening house are given in Fig 1 and 2. 


Fic 1—GENERAL VIEW OF SILT PREPARATION PLANT. LEFT IS SCREENING HOUSE. TOWARD 
THE RIGHT THE SPECIAL SEPARATOR PLANT, CLEAN COAL DEWATERING CONVEYORS AND BELT CON- 


VEYOR IN ORDER. 


The Hudson Coal Co. during the first nine 
months of operation and follows a pre- 
liminary description given at the Anthra- 
cite Institute in May, 1947, in a paper 
titled “Preparation of Anthracite Silt for 
Boiler Fuel in a Humphreys Spiral Test 
Plant” by H. H. Otto, V. H. Wilson and 
W. L. Dennen. 
‘This plant is considered a full size op- 
erating test plant and, like all new plants, 
numerous minor changes in the methods 
of operation have been made from time to 


Manuscript received at the office of the 
Institute January 6, 1948; revision received 
July 27, 1948. Issued as TP 2479 in COAL 
TECHNOLOGY, November 1948. : 

* Hudson CoalCo., Scranton, Pa. 


This plant consists of 48 spirals in 8 
batteries of 6 spirals each, 36 of which were 
to be operated as primary spirals and the 
remaining 12 as secondary spirals. A brief 
description of the plant and its operation 
follows. The only material cleaned at the 
plant during 1947 was that carried in the 
underflow from the Thickener which han- 
dles the Breaker waste water. This under- 
flow, amounting to approximately 2000 gpm 
of water and containing 12.6 pct of solids, 
is pumped to vibrating screens where the 
plus 3{¢-in. material is removed. (Fig 3). 
This oversize material drops into a pocket 
from which it is trucked to the run-of-mine 
tipple for re-preparation. 
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Fic 2—-THE SCREENING HOUSE AND SILT DAM FROM WHICH THE SPIRAL PLANT WILI. DERIVE MOST 
OF ITS MATERIAL, 


Fic 3—Two VIBRATING SCREENS REMOVE THE OVERSIZE FROM THE FEED TO THE SPIRAL PLAN‘. 


Fic 4—THE FEED TANK IN WHICH THE SLURRY IS AGITATED BEFORE BEING PUMPED TO THE SPIRALS. 
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Hand winch fo raise 
and lower jet pipe 


Silt Water - Feed 


To Spirals 


valve aa 
Circulating pump 


Fic sb—THE}DISTRIBUTOR ON THE FLOOR EQUALIZES THE FEED TO THE SPIRAL BATTERIES BY MEANS 
if OF ELBOWS IN THE LINES. ; 
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The fine material which is to be cleaned 
in the spiral plant drops through the 
screens and is flumed to a conical-shaped 
feed tank. An overflow of approximately 


Water is pumped through the jet pipe 


to agitate the slurry, while the space be- 
tween this pipe and the outer one serves as 
a suction for the feed pump which delivers 


eS 


Fic 6—THE DIVIDER AT THE TOP OF EACH BATTERY OF SPIRALS DISTRIBUTES THE FLOW TO EACH 
SPIRAL IN THE ROW. 
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Fic 7—COMPLETE SPIRAL TURN SHOWING SPLITTERS AND FRESH WATER SCOOPS. 


goo gpm is maintained at this tank to 
eliminate a large portion of the — 200 mesh 
containing approximately 46.0 pct ash. This 

» overflow is flumed directly to the refuse 
tank. The feed tank, Fig 4, is equipped with 
a piping arrangement to regulate the den- 
sity of the slurry or pulp. This consists of 
two vertical pipes, one within the other, 
extending downward to within a few inches 
of the bottom of the tank, the inner or jet 
pipe being adjustable to height. 


the slurry to the centrally located distribut- 
ing equipment, where the feed is split 
evenly to each battery of spirals (Fig 5a 
and sb). 16-18 pct solids in the feed 
to the spirals proves to be the best 
mixture. 

At the head of each row of the spirals the 
distribution lines end in dividers (Fig 6), 
with six-way outlets for splitting the flow 
so that a uniform quantity of slurry is de- 
livered to each spiral. 
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Outer Radius 


—_—— 


© Particles of low density 
© Particles of high density, 


Port 


Inner radius 


. Coal Middling Refuse 


Fic 8—MOobpDIFfIED SECTION OF SPIRAL. 


E- Fic g—SILt IS CLEANED FOR BOILER FUEL IN THESE SPIRAL SEPARATORS MOUNTED IN BATTERIES 
ae OF SIX EACH. 
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The spiral consists of a cast-iron conduit 
or trough with a modified semicircular sec- 
tion, as shown in Fig 7. 


Fic 10o—LOOKING FROM LOWER TOWARD 
UPPER END OF A BATTERY OF SPIRALS; COAL 
LAUNDER IS AT BOTTOM. 


The sections are bolted together, three 
sections being required to complete a full 
turn. In the Powderly plant the spiral con- 
sists of six full turns on a to-in. pitch with 
a diam of 24 in. Along the inner rim of the 
spiral is a small trough, as shown in Fig 7, 
down which clean water flows. The water is 
deflected by means of small scoops to the 
inner edge of the slurry stream, to assist in 
moving the high-gravity pulp into the flow. 
The high gravity material in the pulp fol- 
lows the inner side of the spiral while the 
low gravity material travels along the outer 
edge, as shown in Fig 8, 
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In the case of anthracite, the high gravity 
material is the refuse and the light gravity 


material is the clean product. Heavy mate- 


rial, middling or refuse, drops through 
circular ports to refuse or middlings 
launders, while the coal continues down 
the spiral and drops to a launder leading 
to the dewatering tanks (Fig 9 and io). 
One refuse port is located at each turn of 
the spiral and the setting of a splitter, 
seated in a counter-sunk recess, controls 
the character of material dropping through 
the ports. 

The ash content in the clean coal and 
refuse can be increased or decreased, as 
may be desired, by adjusting the splitters. 
Once the splitters have been set to give the 
desired results they need not be changed 
again unless the percentage of ash in the 
feed changes very materially. A wide cut of 


the pulp at the ports results in lowering the ~ 


percentage of ash in the clean coal and 
increasing the percentage of coal in the 
refuse, while narrowing the cut increases 
the ash content of clean coal and the refuse. 

During the short time the plant was 
operated in the fall of 1946, we proceeded, 
according to plan, with 36 spirals as pri- 
mary cleaners. The middling from the 
lowest’ port of each spiral was returned to 
the primary tank for recleaning and all 
refuse from the other ports was flumed to 


' the secondary tank, from which it was 
pumped to the 12 secondary spirals for 


rerunning to make an additional coal 
recovery. 


However, we found that very little addi- 
tional low-ash coal was being recovered 
from the secondary spirals or from mid- 
dling, and that the final refuse contained 
too low a percentage of ash. Therefore, 
when operations were resumed in April of 
1947, we rearranged the piping and chutes 
for a one stage operation and are now 
pumping the material directly from the 
feed tank to the 48 spirals, as shown on the 
flowsheet (Fig 11). All of the. material 
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which drops through the spiral refuse ports the refuse ranged between 64.5 and 86 pct. 


is flumed to a conical-shaped refuse During the same period the ash content of 
tank. the feed varied from 19 to 41.5 pct. Fig 12 
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Fic 11—FLOWSHEET. POWDERLY SILT CLEANING PLANT. 


shows the variations in the ash content of 
feed, clean coal and refuse for the period 
April 17 to September 30. An efficiency of 


From April 17 to September 30 of 1947 
the ash content of the spiral-cleaned coal 
varied from 10.8 to 21 pct, and the ash in 
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65 pct coal recovery was obtained in the 


operation of the spirals. 
The clean coal from the spiral plant is 
flumed to settling tanks of wood construc- 
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The contents of the refuse tank, Fig 15, 
are pumped to a’ refuse settling dam, Fig 
16. Here the solids settle out and the water 
now seeps underground to a recently 
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Fic 12—CHART SHOWING VARIATION IN ASH CONTENT OF FEED, REFUSE, AND CLEAN COAL. 


tion equipped with slow-moving, chain- 
type dewatering conveyors with steel 
flights, which carry the coal to belt lines 
discharging into railroad cars (F ig 13-14). 
The overflow water carrying a small per- 


centage of slimes is flumed to the refuse 
tank. 


abandoned mine. However an outlet has 
been provided from the dam to a 16-in, 
borehole and, when overflow occurs, a 
suitable overflow control will be provided 
and the water permitted to drop down the 
borehole to the mine. When the mine be- 
comes filled, the water will flow by gravity 
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Fic 13—CLEAN SILT BEING DISCHARGED ONTO PRIMARY BELT LINE FROM THE DEWATERING CON- 
: VEYOR. 


me to daylight through an opening 7 miles 
distant. No dirty water from the Spiral 
- Plant gets into the streams, and the 
system of settling complies fully with 
~ the pure stream laws of the State of 
Pennsylvania. 
G The only moving parts operating in the 
Humphreys Spiral Plant proper are three 
6-in. pumps. One, having a capacity of 
1000° gpm agitates the slurry in the feed 
_ tank, one of 1300 gpm lifts the slurry from 
w the feed tank to the dividers at the head of 
3 the rows of spirals and a third, of 2300 gpm 
capacity, pumps the refuse from the refuse 
_ tank to the refuse settling dam. However, 
in addition, vibrating screens, clean coal 
dewatering conveyors and belt lines are 
necessary for the complete operation, as 
mentioned above. 

Fig 17 shows typical quantities of solids 
and water at various points of the system. 

The boiler furnaces at the Coal Brook 
Power Plant were designed to burn anthra- 
cite silt on traveling grates and have 
operated satisfactorily with fuel having an 
ash content ranging from 13 to 22 pct. 
During a period when the boilers had to be 
worked at their maximum capacity due to rane See he ae Ce ce 
an unusually heavy mine pumping load we oypary BELT AND RAILROAD CAR LOADING 
burned fuel from the Spiral plant running STATION IN BACKGROUND. val 


all the way from 12.5 to 17.0 pet ash. The 
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silt now being produced at the Humphreys 
Spiral Plant is averaging approximately 
18 pct ash and has proved to be a very 
Apparently the surface 


satisfactory fuel. 


ne 15—REFUSE TANK SHOWING LAUNDERS CARRYING OVERFLOW FROM PRIMARY TANK, 
DEWATERING TANKS AND REFUSE FROM SPIRALS, 
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operated 135 shifts and produced 464,795 
tons of prepared coal, including that 
cleaned in the Humphreys plant. During 
this period 30,314 tons of boiler fuel were 


COAL 


Fic 16—A PARTIAL VIEW OF THE REFUSE SETTLING DAM. THE INLET ON THE RIGHT AND THE 
OVERFLOW POINT ON LEFT ARE BOTH OUTSIDE THE PHOTOGRAPH. 


of the product is comparatively free from 
film or scum so that the individual par- 
ticles of coal ignite rather freely on the 
grates. 

Tables 1, 2 and 4 show size and ash 
analyses of typical spiral feed and pre- 
pared fuel. 

Powderly Breaker, during the period 
between April 14 and September 30, 1947, 


produced from the material which was car- 
ried to the Dorr Thickener in the breaker 


‘waste water. All of which would have been 


pumped to the silt dam if there had been 
no silt cleaning plant. 

The spiral plant is operated by one at- 
tendant and the only other help employed 
in connection with the plant is a colliery 
railroad car loader, who spends part of his 
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time moving the silt cars. The maintenance _ tenance and power costs per ton will change 
of the plant is very low and the power costs __ but little. 
per ton have been slightly over 2 ¢ per ton Thus far the spiral plant has been op- 
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Fic 17—SKETCH SHOWING TYPICAL FLOW IN VARIOUS PARTS OF THE HUMPHREYS SPIRAL PLANT 
IN GALLONS PER MINUTE OF WATER AND TONS PER MINUTE OF SOLIDS. 


TABLES 1, 2 AND 3—Size and Ash Analyses of Samples Taken on 
Three Different Operating Days 


Table r Table 2 Table 3 
Feed Clean Coal Feed Clean Coal Feed Clean Coal 
Mesh Per Per Per Per Per Per Per Per Per Per Per Per 


Cent | Cent | Cent | Cent | Cent | Cent | Cent | Cent Cent | Cent | Cent | Cent 
Weight| Ash | Weight] Ash | Weight Ash | Weight] Ash | Weight] Ash | Weight Ash 


+%¢ in. 6.6 | 26.0 Il.6 | 14.0 5.0 | 25.0 (caer gd (ict fey 8.8 | 20.3 10.2 | 19.7 
+36 in. 12.4 | 21.3 20.2 | 10.5 12.8 | 20.4 10.6 | 12.4 8.4 | 20.6 OF 20) 15.0 
+364 in. 16.6 | 20.5 24.2 | 10.2 12.8 | 20.7 18.6 || 33.6 17.2 | 19.7 21.2 | 14.8 
+ 28 EES) |) 22/10 I5.0 aT T4.4 | 23).\2 18.8 | 13.7 14.8 | 21.4 16.6 | 13.0 
+ 35 9.8 | 23.8 LO.0)||-loOet 10.6 | 23.3 TL s4) | TEAy T4 2524.2 Ts.0. |) 4.0, 
+ 48 9.6» 32.5 4.6.) 1134 10.4 | 40.8 9.2 | 12.0 i1.4a" | 33.7 It.2 |. 16.0 
+ 60 8.0] 42.5 4.2 | 17.0 9.0 | 50.3 5.6] 10.8 8.2 | 49.8 624.2), 2033 
+ 80 5.4] 49.0 2.10) | 21.0 6.8 | 50.5 3.0 | 20.4 6.2 | 64.2 3.4 | 31.4 
+100 4.2 | 49.9 2.0 | 36.9 Ae2) |) 49.0. 2.0 | 37-1 3.2 | 60.3 2.4 | 42.0 
+200 8.4 | 49.6 2.2,| 60.6 7.6 | 64.5 2.4 | 53-0 4.6 | 59.8 2.8 | 60.0 
— 200 7.2 | 60.5 1.0 | 68.2 6.405725 T0 ||| 6257 3.2 | 63.1 1.62) 70.2 
GompsAsh.... 3. 32.4 T3238 3502 reas 32.0 I9.4 


of fuel produced. If and when the plant is erated only on the day shift and is now 
operated to maximum capacity it may be (October 1947) producing an average of 320 
necessary or desirable to add another __ tons of clean silt per start. A drag scraper 
man to operate it. However, the main- gathering system is being installed to col- 
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lect the material in the silt dam and it is 
planned to operate the plant two 7-hr shifts 
each day for the eight months of non- 
freezing weather during the year. It is 


estimated that we will produce 650 tons of - 


clean silt each’ 24 hr day, with the plant 
operating on breaker material plus some silt 
dam material during the day shift and on 
silt dam material alone during the other 
shift. A full year’s supply of fuel for the 
Coal Brook power plant will be provided 
by this arrangement. 

Cleaning anthracite silt by means of 
Humphreys Spirals has proven successful 
for our purposes. However the plant is still 
considered an experimental operation and 
during the winter shut down, some minor 
improvements are to be made. They will 
include the replacing of the refuse chutes 
with vitrified clay launders, and replacing 
the plain steel feed dine from the Thickener 
sludge pump with rubber-lined steel pipe, 
which was not available when operations 
were started. 

The authors wish to express their appre- 
ciation to Messrs. H. H. Otto, Asst. Gen. 
Mgr., in Charge of Engineering, John S. 
Johnson, Supt. of Preparation and Main- 
tenance, W. E. Thompson, Engineer, and 
others of the engineering and laboratory 
staffs of The Hudson Coal Co. for their 
suggestions and assistance in the prepara- 
tion of this paper. 


DISCUSSION 


(J. Griffen and T. W. Guy presiding) 


H. H. Orro*—As Mr. Dennen told you, 
we were confronted with the problem of 
getting some boiler fuel for one of our 
power plants. The Hudson Coal Co. has 
two major power generating stations which 
generate considerable power for our own 
use; the balance is bought as needed. 

We were also confronted with a rather 
large commercial demand for fine sizes. Our 
coal supply in the Carbondale area is di- 


* Hudson Coal Co., Scranton, Pa. 
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minishing and we are beginning to get 


worried about the boiler fuel supply for our — 


Coal Brook power plant. 

At Powderly Colliery we have a big silt 
bank which probably contains a million and 
a half or more tons of material to be 
cleaned; and, as Mr. Dennen mentioned, 
we were cleaning in this spiral plant breaker 
silt with about 17 or 18 pct ash in the 
finished product. This percentage of ash 
may seem high to you but it is not bad for 
us. Our boilers were redesigned in order 
that we could burn high-ash fuel. 

Formerly we used a much lower ash fuel. 
One of my friends in the anthracite region 
told me that the best results could be ob- 
tained if we burned No. 3 or No. 4 Buck 
containing a 12 pct ash. I advised him that 
this material, in our case, was going to 
the market and we were now prepared to 
burn material which had been considered 
waste in years gone by. 

The President of our Company, who was 
Vice President and General Manager in 
1945, accompanied by our Preparation 
Superintendent Mr. J. S. Johnson, who is 
present here today, saw a spiral plant in 
operation, in South Jacksonville, Florida. I 
also saw the plant at a later date, and we 
came to the conclusion that the Humphreys 
Spiral had possibilities in cleaning the very 
fine anthracite silt. 

No one had any experience with cleaning 
anthracite on the Humphreys Spiral and 
therefore we started, as it were, from 
scratch. The plant is not doing everything 
that we have a right to expect from it but, 
like any new venture of this type, adjust- 
ments and changes must be made and we 
have a lot to learn in order to get the best 
results possible. : 

The plant was started April 15th of last 
year and closed down about December rst 
because there is no heat in the plant and we 
can fill our fuel requirements without 
winter operation. During the month of 
October, 1947, we prepared an average of 
330 tons of usable boiler fuel in the spiral 
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plant for use in our Coal Brook power plant. 
This was accomplished on a 7-hr shift per 
day. We took the finished product from the 
spiral plant and, of course, had other fuel 
from other sources to help build up the 
stock pile at Coal Brook to last us all 
winter. Stream pollution laws are being 
enforced by the State of Pennsylvania and, 
judging from reports from Washington, the 
rest of the country is going to be up against 
Federal stream pollution laws in the near 
future, which will have a bearing on the 
installation and use of fine coal cleaning 
equipment. This is based upon the report of 
a congressman who told me that there will 
be some legislation enacted and we should 
get ready to clean up our streams. There- 
fore efforts are being made to get all of the 
usable material out of the anthracite silt 
before the final waste is either sent into the 
mines or put in refuse piles. 

This spiral plant assists us in taking care 
of the greater part of our stream pollution 
problems at Powderly Colliery. Our results 
at the Powderly Humphreys Spiral Plant 
have caused us to give favorable considera- 
tion to a plant at another colliery. 

In the anthracite region today the 
Scranton Electric Co., Luzerne Co. Gas and 
Electric Co. and Pennsylvania Power and 
Light Co. are installing pulverizers for 
anthracite fuel boilers. This would indi- 
cate the desirability of cleaning the very 
fine anthracite silt because of the increasing 
market. 

I think Mr. Dennen and Mr. Wilson did 
a good job in the preparation of their paper 


and I want to thank them personally for 


the great interest that they have taken in 
~ it. I also want to thank Mr. John S. John- 
son for helping to make the plant a 
SUCCESS. 

As far as we are concerned it is a very 
economical plant. We had very few repairs 
the first year. Naturally after it has been 
in operation for a few years we will know 
more about maintenance costs. 

In 1048 we are going to continue our ex- 
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periment to see how low an ash we can 
make consistently. This will be done as 
needed. First, however, we will take care of 
our boiler supply needs where we use fuel 
with the higher ash content. 


J. S. JoHnson*—I do not know that 
there is anything I can add to what has 
already been said about the utilization of 
these spirals for making boiler fuel. We 
know from our experiments that we can 
also make a very low ash coal for the 
market. 

When Mr. Evans and I went down to 

Jacksonville, Florida, to look at these 
spirals working on various minerals we 
found that they were working very suc- 
cessfully at 176 spirals located out there in 
an open space with only one man to 
supervise. 
' They were handling 6000 tons of sea 
sand and these minerals in 24 hr. The re- 
covery was about 5 pct but that recovery 
of 5 pct was of minerals that aggregated 
about twelve different kinds. In order to 
make use of those methods in the anthra- 
cite field—that is in the line of recovery— 
we had to do just the opposite of what 
they were doing there. What they were 
recovering went down where our refuse is 
now going. I believe that the spirals will 
do the work on this fine coal. 

There is one thing that we found out 
through our experimentation, that is, that 
the material should be more uniform and 
should not be of a very large variation of 
sizes. In keeping the sizes for the present 
pitch of the spirals we have now anywhere 
between the 39-in. mesh size and down 
through the 200. It makes a very good clean 
job. 

I believe that a great many other com- 
panies will pick up these spirals and utilize 


them for the cleaning of their fine coal. 


J. GrirreNn—Of course we all appreciate 
that this particular job on which the spirals 
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have been used is a little different from the 
usual cleaning job. I was hoping perhaps 
you would make some comparisons with 
the cleaning results obtained in some of 
your other plants. At the installations at 
Marvine, I understand you were turning 
out a ro or 11 pct ash product for shipment 
to market. 


W. H. Lresser*—I would like to ask Mr. 
Dennen what is the velocity of the water 
coming down the spiral? Give me the feet 
per second or per minute. 


W. L. DENNEN (authors’ reply)—I do 
not know but possibly Mr. Wilson can 
answer that. 


V. H. Witson—The velocity is about 6 
ft a second. ‘ 


W. H. Lressrr—On what principle do 
you consider you make the separation? 
Does it go to the center and not to the end? 


M. WELKER{—The first principle of 
separation is that of a heavy mineral set- 
tling out of a flowing stream as you would 
have in an ordinary launder. 


W. H. Lesser—If you have a particle of 
coal with a gravity of 1.7 and slate with a 
gravity of 2.3, does this affect the principle 
on which the separation of slate from coal 
depends? 


V. H. Witson—That is a factor. First 
of-all, your slate willsettle out of the mate- 
rial more rapidly than the coal. Then you 
will get it next to the surface of the iron 
and there, retarded by friction, it slides 
down the cross-section of the spiral to the 
lowest portion of the cross-section. 


W. H. Lresser—Did you say 6 ft a 
second? 


V. H. Witson—Yes, that is about the 
maximum velocity. The stream varies 
through its cross-section. 


* Pierce Management, Scranton, Pa. 
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W. H. Lress—ER—Did you ever try to 
double that speed and see what centrifugal 
force it has? 


V. H. Witson—We have increased it 
and decreased it some, and so far we think 
we have about the optimum. 


W. H. Less—ErR—You do not know what 
the segregation would be if you made that 
12 ft a second? 


V. H. Witson—No, we have not gotten 
quite that far. We have gone 8 or g ft a 
second, 


W. H. LessEr—And still the principle 
under those conditions depends upon the 
fact that the heavy material is held up in 
the center and the centrifugal force does 
not enter into it at that speed? 


V. H. Witson—The centrifugal force is a 
minor thing there. The principal separation 
is due to the fact that the heavy material 
is slowed up by friction on the surface of 
the bottom of the spiral. The coal goes 
rushing on over and as it goes more slowly, 
the centrifugal force on the heavy material 
becomes nil. 


W. H. Lresser—In other words, the 
principle is practically the same as the old 
Fahrenwald Separators of about twenty 
years ago? 


V. H. Witson—That may be. 


MEMBER—I would like to ask Mr. John- 
son if, in the experimentation work, there 
was any coal that was actually of the nature 
of a 6 or 8 pct ash that they tried to bring 
down to the lower ash ratio? 


J. S. Jounson—The material with which 
we experimented would run anywhere from 
18 to 52 pct ash which we applied over 
these spirals; and if you get a 52 pct ash 
material, you do not get quite as good re- 
covery in ash as you do with around 18 to 
25 pct. That is, your volume recovered is 
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less. I believe that holds good in almost any 
kind of machine in which you try to clean 
anthracite coal. 


M. G. Drressen*—Is the clean coal 
thickened before it goes to the boiler? What 
is the moisture content? 


W. L. DENNEN—The clean coal as it 
leaves the dewatering tank has about 35 
pct water in it. By the time it gets into the 
boiler plant after it has been standing in the 
railroad cars there is about 15 pct water 
in it. 

M. G. DriessEN—Just what are the pro- 
portions of water to solid used in the 
process? 


W. L. DENNEN—We would like to get 
about 16 to 18 pct of solid in the feed. 


M. G. DrressEN—About 6 tons of water 
to about 1 ton of solid? 


W. L. DENNEN—Yes. 


J. GrirFEN—What is the horsepower 
per ton with regard to the pumping and 
so on? 


W. L. DENNEN—The power used at this 
plant is not metered. 
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J. GrirFEN—What tonnage have you 
been feeding per hour? 


W. L. DENNEN—We feed about 1 ton 
per spiral per hour and that gives us our 
best results. 


J. GriFFEN—Forty-eight to 50 tons an 
hour? 


W. L. DENNEN—Yes. 


S. A. Stone*—I wonder if you have any 
data on recovery efficiencies? After all you 
are making a separation at a given specific 
gravity, and I wonder if you have any data 
on efficiency of recovery of the light gravity 
coal? 


W. L. DENNEN—We recover between 60 
and 6s pct of the coal. 


J. GrirFEN—You mean of the feed? 
W. L. DENNEN—Yes. 


S. A. SronE—What per cent of the float 
coal available in the feed do you recover? 


~ V. H. Wirson—We recover as high as 80 
pct. That is 80 pct efficiency, and there is 17 
pct ash in the coal. 

Co., Fort 
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Grinding of Anthracite for Pulverized Fuel 


By C. H. Fricx* 
(Philadelphia Meeting, October 1946) 


BEFORE presenting the main topic, as 
indicated by the title, this paper will give 
some of the high-spot history of the 
anthracite industry. 


INTRODUCTION 


The earliest recorded use of anthracite 
was in the year 1762, when a company of 
Connecticut pioneers discovered anthracite 
near the present city of Wilkes-Barre, 
Pennsylvania. In the early days of the 
industry, the coal was used only in large 
pieces, the smaller pieces being discarded 
to waste piles. As the output of the industry 
increased during the nineteenth century, 
uses were developed for somewhat smaller 
sizes down to and including pea coal. 
Early in the twentieth century, sizes 
smaller than pea, such as No. 1 and No. 2 
buckwheat, were developed and used. Accu- 
mulations of piles from current mining 
operations were still increasing; that is, the 
smaller sizes were still being discarded. It 
was not until after World War I that 
preparation of the so-called steam sizes 
began commercially. This was largely No. 3 
buckwheat, which is screened through a 
34 -in. round-hole screen afd over a 34 9-in. 
or a 4¢-in. round-hole screen. 


UsE oF SMALLER SIZES 


The earliest recorded experience in 
burning the small sizes of anthracite for 


Listed for New York Meeting, February 
1945, which was canceled. Manuscript received 
at the office of the Institute March 8, 1945. 
Revision received June 29, 1946. Issued as 
TP 2061 in CoAL TECHNOLOGY, August 1946. 

* Plant Betterment Engineer, Pennsylvania 
Power and Light Co., Allentown, Pennsylvania. 
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steam production, other than in a previous 


_small experiment, was in the year 1913, 


when a size known as “boiler fuel” was 
introduced—a mixture of rice and barley 
(No. 2 and No. 3 buckwheat). At that_ 
time, there was still no method known for 
burning the still smaller sizes. 


TABLE 1.—Screen Sizes Used for Small 
Sizes of Anthracite 
Purpose for 
: Industry | Which Used 
Size of Coal per og by Boiler 
. lants 
No. 2buckwheat(rice) | —545 + 3/5 |Hand firing 


No. 3 buck. (barley). .| —345 + 342 { Hand firing 


Stoker firi 
No. 4 buckwheat..... Seq oh Sea OXeL Bring 


Stoker firing 
No. 5 buckwheat..... 364 Pulverized fuel 
Putverized...4,<.<% ont 


Pulverized fuel 


At the present time, various sizes down. 
to and including No. 5 buckwheat are 
being prepared (Table 1) from current 
mining and bank-reclaiming operations. 
The sizes of No. 4 and No. 5 buckwheat 
and smaller are generally being used for 
steam production in large boilers. 

The Pennsylvania Power and Light Co., 


following World War I, used 680,000 tons — 


of anthracite per year, burned largely on 
stokers for production of steam, whereas 
for the year 1943 it used 1,940,000 tons 


* of stoker sizes and 400,000 tons of smaller 


sizes for grinding and burning in pulverized 
form. This company has taken a very large 
part in the research and development of 
ways and means of burning these smaller 
sizes of anthracite, including the grinding 
of the very small sizes. This paper is par- 
ticularly concerned with the latter feature. 
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GENERAL CONSIDERATIONS 


The object of grinding very small 
anthracite and burning in pulverized form, 
as compared with burning small sizes on 
stokers for steam production, is that a 
lower-cost fuel is available for pulverizing 
than can be used successfully on stokers. 

Anthracite of all sizes is prepared—that 
is, de-ashed—by various processes, each 
one using water as one of its agents, and 
when the coal is loaded into trucks or cars 
for shipment, there is still a relatively large 
amount of moisture attached to the anthra- 
cite when it reaches its destination. In the 
winter this may reach 20 per cent or more. 


EARLY INSTALLATIONS 


The first known installation to burn 
anthracite in pulverized form was at the 
Lytle power plant of the Susquehanna 
Collieries Co. (an anthracite-mining com- 
pany), in the year 1918. This was on a 
very small scale, however. 

A second and larger installation was 
made at Lykens! by the same company 
and put into service in the year 1921. This 
consisted of a separate plant to dry and 
pulverize the coal, from which it was trans- 
ported by mechanical conveyors to the 
boiler plant, which contained six 500-hp. 
boilers and six 600-hp. boilers. This plant 
was purchased by Pennsylvania Power and 
Light Co. in February 1942, and is being 
operated by that company. The anthracite 
used in these plants was smaller than No. 3 
buckwheat, and was known as slush, about 
70 per cent of which passes through a 
364-in. round-hole screen. This material 
was the discharge from the near-by breaker, 
so small in size as to be unmarketable. It 
was dried and ground to a fineness of about 
82 per cent through a 200-mesh screen. 
This coal contained about 8 per cent 
volatile matter and burned very satis- 
factorily in the furnace designed for it. 


1 References are at the end of the paper. | 
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During the spring and summer of 
1924, Pennsylvania Power and Light Co. 
arranged with Susquehanna Collieries Co. 
to conduct a series of tests in the Pennsyl- 
vania plant. It segregated one drier, one 
mill, one transport system and one boiler, 


and used coal from a number of different - 


locations in the entire anthracite region. 


PO VRP only oy yt EE oe. 


These tests demonstrated that anthra-— 
cite from any location could be satisfac- — 


torily ground and burned,? and as a result 


of this, the Pennsylvania Power and Light ~ 
Co., which was then considering extension ~ 


of its electric production facilities, decided 
to enlarge its Pine Grove plant, which is 
in the same general area as the Lykens 
plant, and burn pulverized anthracite 


there. The Lykens plant contained eight — 
42-in. screen-type vertical mills, whereas — 


the Pine Grove plant*4 as designed con- 
tained three mills, each of 7o-in. diameter, 
of the same type and make. After a few 
years’ experience, these were replaced by 
ball and tube mills. 

About the same time that the experi- 
ments at Lykens were concluded and the 
design of the Pine Grove extension was 
underway, another public utility company 
designed a steam-power plant to burn 
pulverized anthracite, using vertical ball 
mills. 


Havuto INSTALLATION 


Because of the business conditions of 
the 1930’s, development work was delayed 
in connection with expansion of facilities 
to grind and burn anthracite. However, 
with the increased loads caused by the 
war, a contract was let for installation of 
pulverizing equipment and boilers at the 
Hauto steam electric station of Pennsyl- 
vania Power and Light Co., with the 
result that the two largest boilers in the 
world to burn pulverized anthracite were 
installed and put into service in the summer 
of 1943 (Fig 1). This plant is similar to 
both the Pine Grove and the Lykens in 
general layout, although it is very much 
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larger. The preparation plant consists of 
two cylindrical rotating driers, each 60 ft 

; long by 7 ft 6 in. in diameter and having 
a rated capacity of 30 tons per hr at 
normal speed, from initial moisture of 
20 per cent (10 per cent ice and Io per 
cent water) to a final moisture of 1 per 
cent, and three horizontal ball and tube 
mills, each with a ball charge of 3714 
tons when grinding coal with a moisture 

content of rt per cent to a fineness of 
85 per cent through a 200-mesh screen. 


DryING EQUIPMENT 


These driers normally operate at 2.5 
“rpm, but the two-speed motors that 
drive them can double the drier speed if 
desirable, and if moisture content of enter- 
ing coal is sufficiently low to allow this 
increase in speed. Under this condition 
capacity may reach 60 tons per hour of 
_ dry coal. 
The driers are heated by separate and 
specially designed stoker-fired furnaces, 
~ each equipped with two turbovane blowers 
for supplying forced draft. Stokers are of 
the traveling-grate type, each 7 ft 85¢ in. 
wide and 11 ft o in. long. Furnace-gas 
temperature to the drier is automatically 
controlled by a specially designed temper- 
ing damper in the duct from furnace to 
drier setting, outside of the rotating drier 
~ shell. The hot gases travel through the 
_ drier setting outside of the drier shell and 
return through the inside of the shell, 
_ passing thence to adequate cyclones and 
-exhausters to be vented to the main 
boiler stack; coal dust recovered from the 
cyclone separators is fed by gravity to the 
dry-coal-conveying system and is delivered 
' with the coal from the driers to the bins 
- ahead of each pulverizing mill.. 

Other types of driers are available for 
reducing moisture content of small anthra- 
cite: (1) the centrifugal, flash type, tower 
type, where coal is introduced at the top 

of cascades over a series of baffles, falling 
j through hot gas arising from the bottom 
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and (2) the steam-heated type. It is the 
writer’s experience that the direct-fired 
rotating cylindrical type is very satis- 
factory for the purpose. 

The amount of material carried out of 
the drier in the gas stream will be a func- 
tion of the gas velocity at the drier exit, 
which is influenced by air leakage at seals, 
size of material being dried, and rotational 
speed of drier shell and method of feeding 
coal into drier. Gas velocity in turn varies 


-with-tons of material being dried, moisture 


extraction and diameter of drier shell. 


Mittinc EquIPpMENT 


A‘ typical horizontal ball and tube mill 
is illustrated in Fig 2. 

In order to maintain maximum output 
of mills at desired fineness, which is 
most essential in a storage system, the 
coal feed to the mill should be as uniform 
as possible and the level of coal in the mill 
maintained at the best predetermined level. 

The coal feed can be regulated by using 
an electrical device (an electric eye) 
working in conjunction with a draft 
connection at normal coal level in the mill. 

A cyclone should be in the circuit ahead 
of the mill exhauster, to remove the finished 
product and reduce exhauster maintenance. 
A separator ahead of the cyclone, to — 
remove the coarse particles, permits 
circulation of more air through the mill 
and thereby increases its capacity. 

There is an optimum speed of a mill of 
a given diameter to maintain the maximum 
output and desired fineness. At the Pine 
Grove plant, several years ago, a number 
of tests were .conducted with the speed 
of the mill varied, electrically segregating 
it with one of the house turbines so that 
the speed could be varied from 95 to 
105 per cent of rated speed to determine 
the effect of speed on the mill capacity. 
No improvement in capacity resulted, but 
with low speed proper fineness was not 
obtained, while with high speed difficulty 
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was experienced with overfeeding, causing 

the mill exhauster motor to trip out. 
Furthermore, in a preparation plant 

where the bin system is used, it is very 
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top through which the coal passed ver- 
tically downward, and was pulverized by 
impact of the steam jets converging to 
center at very high velocity. This installa- 
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Fic 2.—TyPpICAL HORIZONTAL BALL AND TUBE MILL. 


necessary that the various functions be 
coordinated electrically, so that if the 
motor driving the apparatus near the outlet 
end of the coal circuit fails—for instance, 
transporting pulverized coal from the mills 
to the storage bins—preceding operations 
will not continue, in order to prevent 
blocking of the entire system. Accord- 
ingly, all of the controls are interlocked 
- electrically, so that all operations ‘will 
stop whenever failure occurs. 

The type of cyclone used is also very 
important in the effectiveness of reclaiming 
material that may be lost through the 
various vents, and certain design factors 
must be carefully considered, such as 
ratio of height of cyclone inlet to height 
of inner cylinder and the relative position 
of each. 


MILts FOR GRINDING ANTHRACITE 


In the early years of grinding anthracite, 
the vertical ball mill was generally used. 
One small installation was made of a 
steam-jet mill, which consisted of a 
steel cylinder with a ring of nozzles at the 


tion was made on a trial basis by a coal 
company and has since been discontinued. 

Anthracite does not behave like bitu- 
minous coal or other materials that are 
ground with a vertical mill, in that the 
coefficient of friction between the various 
anthracite particles is very low,- the 
particles having a tendency to slide on 
each other and slide off the ball race, 
whereas with the horizontal mill many 
tons of small balls are raised by the rota- 
tion of the mill and dropped, causing 
thousands of hammer blows, which crush 
the coal to the desired fineness. In the 
vertical mills, the few balls, usually 12 
or 15 in. in diameter, tend to slide and lose 
their roundness, making necessary fre- 
quent replacement and high maintenance 
costs, whereas in the ball and tube mill 
the small balls, generally 114 to 14% in. 
in diameter, wear down to almost nothing, 
and addition is made periodically of new 
balls to maintain a certain level in the 
mill in order to maintain capacity. 

For the foregoing reasons, therefore, 
the horizontal ball and tube mill is the 
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most used type of mill today for grinding As mentioned earlier in this paper, 
anthracite. Its greater availability and experiments were conducted during 1924 
lower maintenance cost per ton of coal at the Lykens plant with coal from various 
ground make it more desirable than the sections of the anthracite territory and it 
vertical mill. was found that there is considerable 
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PERCENTAGE REFERRED TO WESTERN LOCATION 
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Fic 3.—RESULTS OF EXPERIMENTS WITH COAL FROM VARIOUS SECTIONS OF THE ANTHRACITE 
REGION. 
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Fic 4.— EFFECT OF MOISTURE ON CAPACITY OF HORIZONTAL BALL AND TUBE MILL. 
Curves from manufacturers’ proposals: Curve A from manufacturer A; curves B; and Bz from 


manufacturer B. 
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variation in the output of the vertical 
mill, depending on the hardness of the coal. 
Fig 3 shows data plotted on a geographical 
basis from west to east in the anthracite 
region. 

In the ball and tube mill, the variation 
in capacity with location in the field and 
ash content is comparatively small. From 
meager data available, it appears that 
grindability varies from 60 Hardgrove in 
the western end of the region to 35 in the 
eastern. This also is illustrated in Fig 3. 

The output of a given fineness with a 
given mill installation varies considerably 
with the initial moisture content of the 
coal entering the mill. It is not customary 
to use preheated air in the mill if external 
drying of the coal is done in advance, but 
when mill drying is used it is customary to 
use preheated air of about 500 to 550°F. 

Capacity of the horizontal ball and tube 
mill drops considerably with an increase 
of moisture entering, as shown in Fig 4. 
As an example, in the winter the moisture 
content of the small anthracite may be at 
least 20 per cent, or even higher, as re- 
ceived. Even though preheated air is 
used in mill drying, the capacity is less 
than 60 per cent of what it would be with 
initial moisture less than 2 per cent, which 
means that for an installation to operate 
at full load on 100 per cent anthracite 
more mills would be required to take care 
of this wintertime condition than are 
needed when the coal is predried. 

As mentioned, the moisture content of 
the small anthracite leaving. the mines 
is inherently high because of the methods 
of preparation, and if the coal is not dried 
before it enters the mill, it will not be 
properly dried, even with preheated air 
in the mill. 


GRINDING BALLS 


The ball and tube mills usually are 
supplied with forged steel balls of 114 
and 2-in. diameter, having a Brinell 
hardness of about 225 to 250. About 1941, 
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this company began to use Ni-hard balls, 
having a Brinell hardness of 550 to 650. 
The balls are white cast iron alloyed with 
4.5 per cent nickel and 1.5 per cent chro- 
mium, which is very beneficial in extending 
the life of the balls. 


TABLE 2.—Data on Balls 


r Reduc- 
oy | tion in 
“het » Cast- Cost 
Balls iron | Dueto 
Data 1/6/ 5 Balls, | Use of 
+5°> | 6/5/41 | Alloy 
6/2/41 to Cast- 
4 6/30/42} iron 
Balls 


Pine Grove 


Coal pulverized, net tons.. 

Ball consumption due to 
ball wearl iba. ..0 0s ean 

caen ah ball wear, lb. 


627,465] 106,785 
419,603] 33,114 


Cast of Salle lett a per 
net- tan) bailss..23....e0e< 
Cost of balls at last quoted 
price per net ton coal 
pulverized ji. 25. cette 2 
Average cost of balls per 
net ton coal pulverized. . 
Annual ball cost based 
on 225,000 tons coal per 


0.67 0.31 


$130 $150 


$0.044| $0.023 


$0.044] $0.023] $0.021 


$9,900} $5,200] $4,700 
Hauto 


Annual ball cost, based 
On 250,000 tons coal per 


$11,000] $ sini $5,200 
Pine Grove and Hauto 


Total annual ball cost. $20,900 $11,000 


$9,900 


A test run on‘one of the horizontal ball 
and tube mills at the Pine Grove plant for 
6% years showed the loss in weight of 
the forged steel balls to be 0.67 lb per 
ton of coal ground. A test was run for one 
year using Ni-hard balls, which showed 
the loss in weight of balls to be only 0.31 Ib 
per net ton of coal ground. These data 
are shown in Table 2. 

Using the plain steel balls, the annual 
cost for ball consumption at this plant, 
where 225,000 tons of coal is ground 


- 


tet 


per year, was $9900, whereas with the>% 
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Ni-hard balls the cost was only $5200, a 
reduction in this expense of $4700 per year. 
At the Hauto plant, where more than 
250,000 tons of coal is ground per year, 
the saving in the annual expense of ball 
replacement is estimated to be at least 
$5200 owing to the use of Ni-hard balls. A 
test is now under way using copper- 
molybdenum steel balls. 

These same facts apply to the use of 
serrated liners inside the mill casing. 

On the vertical ball mill, the original 
parts generally were steel and the balls 
were made of chilled cast iron. However, 
it was found that the addition of a slight 
amount of nickel prolonged the ball life 
as well as the life of the various other parts 
of the mill subject to rapid wear. 


Cost OF PREPARATION 


For the period of three years during 
which the vertical type of mill described 
was used exclusively at the Pine Grove 
plant and a wide variation in type of fuel 
was used, the maintenance cost was 41¢ 
per ton, including cost of parts and labor for 
installation, whereas with the horizontal 
ball and tube mill, the comparable cost 
was 8¢ per ton for the same items over a 
period of about 11 yr. The larger units 
installed at the Hauto plant show a cost 
of 8¢ per ton for a 2-yr period. 

The finished product at Pine Grove has 
averaged 95 per cent through a too-mesh 
sieve and 77-per cent through a 200-mesh 
sieve. At Hauto the corresponding figures 
are 98 per cent through a 100-mesh sieve 
and 8s per cent through a 200-mesh sieve. 

The total operating and maintenance 
cost of preparing and pulverizing small- 
sized anthracite at this company’s Pine 
Grove steam electric station has averaged 
36¢ per ton for the r1-yr period mentioned 
and at the Hauto steam electric station, 
42¢ per ton for a 2-yr period. This cost 
includes maintenance, labor and material, 
operating labor and drier fuel, but excludes 
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cost of electrical energy. Use of electrical 
energy averaged 34.5 kw-hr per ton at 
Pine Grove and 36.5 per ton at Hauto for 
motors driving the drying, grinding and 
conveying equipment. Present-day costs of 
maintenance and total preparation are 
higher than the averages given previously, 
because of increased material and labor 
costs. 


CONCLUSION 


It should be noted that a public utility 
company must have equipment that will 
provide as nearly as possible continuous 
service, and for this reason there must 
be equipment that will dry the small 
anthracite during all seasons of the year 
and grind it without interruption in fuel 
supply to the boilers in sufficient quantity 
to run the boilers at full load. There are 
various ways of accomplishing this objec- 
tive, and the two installations described 
herein have separately fired driers to 
drive off the moisture in the coal, so that 
the milling plant can and will operate on a 
constant basis the year round; also, even 
if there are minor interruptions in the 
mills themselves, there would still be an 
ample supply of coal on hand to operate 
boilers at full load without any interruption 
from this standpoint. 

The new Sunbury plant, under con- 
struction, will depend on mill drying of 
anthracite, but for constant flow of coal to 
boilers when anthracite is extremely wet 
will use some bituminous coal with the 
anthracite. 
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Increasing the Value of Coal Silts by Pelletization 


By R. J. Day* anp C. C. Wricut,* MemBer AIME 
(New York Meeting, February 1948) 


ALTHOUGH data on the exact tonnage of 
recoverable coal silt are not known, the 
quantity produced in 1943 was estimated 
to be over five million tons for the anthra- 
cite region of Pennsylvania alone. Since 
that time the recovery of the No. 5 buck- 
wheat size previously included in silt esti- 
mates has increased greatly thus reducing 
the total silt tonnage. As a compensating 
factor, however, the methods of recovering 
silt previously escaping into the rivers and 
streams have been markedly improved so 
that the net figure may not have changed 
materially. Comparable estimates for bi- 
tuminous coal are lacking, but undoubtedly 
the silt, represents a significant tonnage. 
With the trend toward increased wet clean- 
ing of the smaller sizes of bituminous coal, 
it is to be expected that even greater quan- 
tities of silt will be available in the future. 

The raw silt from anthracite collieries 
usually contains a high mineral matter 
content, but technological developments in 
fine coal cleaning have been making rapid 
advances and it appears probable that 
more extensive use of these methods will be 
employed in the near future. Bituminous 
coal silt in many instances contains a simi- 
lar high mineral matter content. As with 
anthracite silt, however, the cleaning of this 
material, where necessary, appears both 
technologically and economically feasible. 

With a view to upgrading the size and 
value of silt, considerable laboratory and 
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pilot plant work has been conducted by a 
number of organizations on what is com- 
monly known as pelletization. Actually the 
process is one of extrusion in which the 
moist silt is extruded from a die in the form 
of rods, which usually break into relatively 
short lengths—a few inches long—as they 
fall from the die. Fig 1 is a photograph of 
some extruded 3¢-in. diam pellets and of 
the anthracite silt from which they were 
produced j 
This technique of producing larger sized 
material from fines is by no means new, 
having been used extensively by the indus- 


trial carbon and clay industries for years.! 


The application of the process to coal silt 
appears, however, to be relatively new. The 
first major program of investigation dates 
back only to July 1945, when a group of 
engineers representing the Anthracite Insti- 
tute, The Pennsylvania State College and 
the J. F. Pritchard and Co. conducted pre- 
liminary tests on the extrusion of anthracite 
silt at the Floridin Co. plant at Warren, 
Pa. Since that time these three organiza- 
tions—individually, together, and in co- 
operation with other interested groups— 
have actively pursued work on various 
phases of the problem. Much of the early 
history and details of the laboratory and 
pilot plant work by the Anthracite Insti- 
tute, has been reported by Mulcey and 
Eckerd.? It is the purpose of this paper to 
report additional information on the proc- 
ess, especially with respect to the factors 
influencing the quality and use properties 
of the product, and the current develop- 


1 References are at the end of the paper. 
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ments relating to both anthracite and bi- 
tuminous coal silt. 


THE EXTRUSION MACHINE 


Three different extrusion machines have 
been used in the preparation of pellets. 


Fic 1—PHOTOGRAPH OF 
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Fic 2—LABORATORY 


Two of these are laboratory size machines 
with capacities of less than one hundred to 
a few hundred pounds per hour, the third is 
a pilot plant machine with a capacity of 4 
to 5 tons per hr depending upon the size of 
the pellets extruded. All three machines 
are similar in general construction and 
resemble a large meat grinder in appear- 
ance and operation. Fig 2 shows diagram- 
matically the essential features of the 
extrusion presses used in this work. 

The material to be extruded is fed con- 
tinuously from a hopper A to a feed screw 
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B revolving in a cylindrical barrel C which 
delivers it to a revolving auger D in a 
grooved section of the cylindrical barrel. 
The auger forces the material through holes 
in the rigidly attached die plate E forming 
the feed into extruded rods or pellets. The 


3-IN. DIAM ANTHRACITE PELLETS AND SILT FROM WHICH THEY WERE 
PRODUCED, 
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EXTRUSION MACHINE. 


machine illustrated also has a compaction 
ring F which serves to give the feed a pre- 
liminary compression before delivering it to 
a de-airing section of the screw . feeder 
where, if desired, reduced pressure may be 
applied. : 

Detailed data on the extrusion press de- 
sign characteristics such as clearance be- 
tween auger and die face, ratio between die 
thickness and die hole (pellet) diameter, 
auger design, extrusion pressures and 
power consumption for different size pellets 
have been reported? for the laboratory scale 
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studies conducted by the authors and by 
the Anthracite Institute, and for the pilot 
plant studies by the Anthracite Institute. 
Little new information on these factors is 
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stices between the particles form a family 
of capillaries of varying diameter, and any 
moisture present will arrange itself within 
the capillary network so that the strongest 


Fic 3—SEGMENT OF CAPILLARY FORMED BY CONTACT OF TWO SPHERES AT POINT O. 


currently available although in pilot plant 
tests on bituminous coal silt, the same gen- 
eral relationships have been found to apply 
as with anthracite silt. The data secured 
in the aforementioned tests had been used 
as the basis for the design of a new extru- 
sion press by the J. F. Pritchard and Co. 
which, it 1s hoped, will overcome some of 
the mechanical difficulties experienced with 
the present pilot plant machine. This latter 
machine was not originally intended for 
coal extrusion work and for this reason 
several mechanical modifications were 
necessary before satisfactory coal extrusion 
could be secured. 


THEORETICAL ASPECTS OF PELLET 
FORMATION 


The mechanism by which an unconsoli- 


dated mixture of wet, fine sized coal can be 
converted into a coherent agglomerate by 
pressure alone may be similar in principle 
to that by which Kegel® has explained the 
binderless briquetting of lignite. The inter- 


forces will be satisfied. Because in actual 
practice the particles are of varying size and 
shape, the mathematical treatment of such 
a system is extremely complex. For illus- 
trative purposes, however, it is of interest 
to consider a relatively simple system con- 
sisting of uniformly sized spherical particles. 

Consider first the capillary a, 0, b formed 
by the contact of spheres A and B of Fig 
3, and the influence of moisture content and 
size of the spheres upon the force holding 
the liquid in the capillary. For the special 
case where the spheres are completely 
wetted by the liquid (angle of contact 
6 = o) the force may be expressed! as a 
capillary pressure according to the general 


equation P, = y € he z) 


« 
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where P, = capillary pressure in apprépri- 
_ate units (dynes per sq cm, lb — 
per sq in., etc.) 

Y = surface tension (dynes per cm, 


lb per in., etc.) 
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y =radius of curvature of the 
meniscus (cm, in., etc.) 
R = distance between point of con- 


tact between the spheres and 
the meniscus (cm, in., etc.) 
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packing configuration, the compaction 
strength can be calculated by considering 
the number of contacts and the magnitude, 
direction, and area, over which the capillary 
forces are acting. Such calculations are of 


RHOMBOHEDRAL 


COMPLETE SATURATION 
OF VOIDS WITH WATER 
20.6 % BY WEIGHT 
ON DRY COAL BASIS 


Fic 4—POosITION OF MENISCI AT DIFFERENT MOISTURE CONTENTS IN THE CAPILLARIES FORMED BY 
THE CONTACTS BETWEEN SPHERE A, B AND C. 


If the centers of radii for ry and R are on the 
same side of the interface, the signs are the 
same; if on opposite sides of the interface 
the signs are opposite. The convention is 
generally adopted that R is negative. For 
the coal-water-air system the equation may 


Tet 
therefore be written P. = y G =p 


Assuming a rhombohedral system of 
packing, which is the closest configuration 
possible with uniformly sized spheres, the 
percentages of water present in a coal- 
water-air system have been calculated for 
the several positions of the meniscus shown 
in Fig 4. Using these data, and the capillary 
pressures calculated for particles of several 
different sizes, Fig 5 has been constructed. 
This plot shows graphically the relation- 
ships between particle size and moisture 
content, and capillary pressure at a single 
contact point. 

For a system of spheres having a known 


little value to the present discussion, how- 
ever, because in the pelletization of coal the 
particles are neither uniform in size nor 
shape so that calculated values of absolute 
compaction strength might even be mis- 
leading. It is of more significance to con- 
sider the factors that might influence the 
overall compaction strength in a system 
such as actually exists in the pelletization 
of silt. 

From the data of Fig 5 it is apparent 
that particle size is of considerable impor- 
tance. Not so readily apparent, however, 
is the fact that distribution of sizes is also 
a significant factor. If the particles are of 
uniform size they would have to be quite 
small before the forces could attain signifi- 
cant proportions. If, however, the distribu- 
tion of sizes is such that the capillaries 
between the larger particles are successively 
filled with smaller particles it is readily 
apparent that a large number of very fine 
capillaries can be formed and that the 
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capillary pressures, hence attractive forces, not improbable that one of the primary 
can attain significant proportions. functions of the extrusion machine in 
Because overall compaction strength is pelletization is that of compressing the 
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PERCENT MOISTURE ON DRY COAL BASIS 


Fic 5—CAPILLARY PRESSURES AT VARYING MOISTURE CONTENTS FOR SPHERICAL PARTICLES OF 
CERTAIN SIZES WHEN IN CONFIGURATION OF RHOMBOHEDRAL PACKING. 


dependent upon the number of contacts particles into a configuration of maximum 
between a given particle and those sur- or closest packing. 

rounding it, it follows that the closer the The factor of particle shape is probably 
packing the greater the total force. It is quite important. Flat, platelike particles, 
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such as are encountered in coals, will 
furnish a potentially greater amount of 
contact surface between particles and, 
therefore, a greater cohesive force than 
between spherical particles. Such flat, 
angular particles will be more difficult to 
pack in the closest configurations. It is 
believed, however, that the molding action 
of the extrusion press and the pressures 
imposed will tend to crush and force these 
particles into a very close configuration. 
From Fig 5, it may be seen that capillary 
pressure increases with decrease in mois- 
ture content. Obviously the area over which 
the capillary forces act decreases as the 
moisture content is reduced. The decrease 
in area is by no means as rapid as the 
increase in capillary forces, however, so 
that the overall effect of decreasing mois- 
ture content is that of increasing the 
compaction strength. During the extrusion 
process itself, moisture contents greater 
than that permissible when closest packing 
exists will either be squeezed out or will 
prevent maximum packing; moisture con- 
tents lower than the saturation value for 
closest packing may permit air pockets 


- which, upon release of the extrusion 


pressure, will expand and disrupt the 
pellets. 

In the basic equation, it is assumed that 
the particle surface is completely wetted 
by the liquid. If this condition of complete 
wetting does not exist, calculation of the 
capillary forces becomes exceedingly com- 
plex, yet for the coal-water-air system 
incomplete wetting is likely to exist. For- 
tunately the influence and importance of 
wettability can be demonstrated, without 
resort to a complicated mathematical treat- 
ment, as shown in the following illustration. 

Consider the two spheres A and B of the 
coal-water-air system shown in Fig 3. 
When complete wetting of the coal surface 
exists, the angle of contact at x, x’ is oO 
degrees and the capillary pressure would 
be about 9 psi for particles of ro micron 
diam. If, however, the moisture content 
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remains the same but the coal surface is 
not completely wetted, the meniscus will 
assume a new shape. Taking as a specific 
example the case where the radius of the 
meniscus 7 is equal to Rk; then the capillary 


is at 
pressure = ¥ G _ z) = o and there will 


be no tendency for the two particles to be 
held together by capillary forces. In this 
particular example the angle of contact 
at the y, y’ coal-water-air interface is 
approximately 45°. As shown by Brady 
and Gauger® such a contact angle is not 
improbable when dealing with a coal- 
water-air system. Wettability is, ‘there- 
fore, a very important factor in determining 
the capillary pressures. This suggests that 
the addition of a small quantity of a 
wetting agent might be highly beneficial 
in cases where incomplete wetting exists, 
since in addition to improving wettability 
it would also tend to increase slightly the 
surface tension of the liquid. Excessive 
additions of wetting agent would prove 
detrimental, however, as surface tension 
drops very rapidly after passing through a 
maximum at very low concentrations. 
Capillary pressure would be reduced in 
direct proportion to the reduction in sur- 
face tension as indicated by the basic 
equation. 


EXTRUSION BEHAVIOR OF COAL SILTS 


During the course of the extrusion 
studies, tests have been made using about 
a dozen different anthracite silts, several 
bituminous coal silts ranging in rank from 
low volatile to high volatile A, and one 
subbituminous coal silt. Studies have also 
been made on the extrusion of mixtures 
of anthracite and bituminous coal silts. 

With the anthracite silts, a product of 
satisfactory strength characteristics was 
obtained in most cases and pellets were 
formed in all cases. From tests with a silt 
from which occluded clay materials have 
been carefully removed, the Anthracite 
Institute? concluded that the binding force 
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was not associated with occluded clay 
content. However, the fact that no product 
of satisfactory strength was obtained from 
cleaned silts of relatively low ash content 
caused these investigators to suggest that 
possibly the inherent ash may impart high 
resistance to impact and abrasion to the 
pellets. A more probable explanation 
appears to be that presented in the pre- 
ceding section. The lack of satisfactory 
pellets from cleaned silt is probably due to 
the fact that the cleaned product has a 
radically different size consist (distribution 
of sizes) from that of normal silts, and the 
distribution of sizes is not the optimum 
for maximum packing, hence for the forma- 
tion of capillaries between particles suff- 
ciently small to permit adequate capillary 
forces to develop. In certain cases, surface 
films of extraneous materials acquired 
during the cleaning operation, or surface 
oxidation during drying, may prevent 
satisfactory wetting and cohesion of par- 
ticles. Brady and Gauger® have shown that 
wettability of a coal surface with water is 
dependent upon the previous history of 
that surface. 

The response of bituminous coal silts to 
extrusion has been somewhat more erratic 
than that of anthracite silts. In fact, some 
bituminous coal silts did not. respond 
satisfactorily under any of the conditions 
investigated, and caused plugging and 
stalling of the machine. Such coals would 
not flow freely through the die, but instead 
formed a dense plug at the die face. In- 
crease in moisture content of the feed to 
improve the fluidity of the material, failed 
to improve extrusion behavior because 
the excess water was squeezed out of the 
coal and ran out of the bottom of the die 
while the coal in the upper part formed a 
relatively dry cake. This behavior suggests 
the possibility that their surface properties 
were such that the particles were not 
wetted by water. A more thorough study 
of this problem, particularly along the 
lines of modifying the size consist and the 
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addition of wetting agents to insure wetting 
of the coal surfaces, may result in the 
production of satisfactory pellets even 
from these seemingly unsuitable silts. 

A limited number of mixtures of anthra- 
cite and bituminous coal silts have been 
investigated and no difficulty experienced 
in producing satisfactory pellets in cases 
where the bituminous coal silt itself pro- 
duced a satisfactory product. Even when 
using bituminous silts, which alone failed 
to extrude satisfactorily, mixtures con- 
taining 20 pct or more of anthracite silt 
produced satisfactory products. 

Of the two dozen or so natural silts thus 
far studied, only two have failed to produce 
pellets; a few others have yielded pellets 
considered of suitable strength only after 
several passes through the machine (change 


of size consist) or when binders or lubri- — 


cants were added. 


Factors INFLUENCING THE EXTRUSION 
PRODUCT 


Other than design characteristics of the 
extrusion press, a number of factors in- 
fluence markedly the quality of the 
extruded pellets. Among these, the follow- 
ing have been investigated: moisture 
content of feed; mixing; size consist of 
feed; addition of binder or lubricants; 
addition of waterproofing agents; rate of 
drying; and carbonization of product. Each 
of these items is discussed separately in the 
following paragraphs." 


Moisture 


As would be expected from theoretical 
considerations, moisture content of the 
feed had a very marked influence upon 
the quality of the resulting product. If 
the moisture content was too low, the co- 
hesion of particles was not obtained and 
the- product was weak and crumbly; if 
too high the product was weak and mushy. 
A good product emerging from the press 
was firm, but could be crushed readily 
between the fingers and would not with- 
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stand deep piling or rough handling. Upon 
drying, however, the strength increased, 


and when the moisture content had been - 


reduced to about ro pct the product could 
be safely handled. Further.drying increased 
the strength materially. 

The data of Table 1 for one anthracite 
silt indicate the range in moisture content 
of feed and product over which a satisfac- 
tory product was obtained from the labora- 
tory press for various sizes of extruded 
pellets. These data are of value only as indi- 
cating the range of moisture contents, be- 
cause it has been found that the absolute 
values vary slightly with the silt used and 
also with the design of the particular ex- 
trusion press. These results are in general 
agreemént with those of Fritsche’ who 
reported an optimum moisture content of 
about 16 pct for the pressure briquetting of 
lignite without a binder. 


- TaBLeE 1—Moisture Content of Feed and 


Extruded Product 


Pct Moisture oategs (Dry Coal 


Pellet Diameter asis) 
(In.) 
Feed Product 
4% 17 to 22 i5.5 to 19 
8 £7 to 21 I5 to 18.5 
5g* 22 to 26 22 to 24 
34* 23 to 26 22 to 23 


* The laboratory press is not designed for the 
production of pellets over 1g-in. in diam and in 
order to produce a satisfactory product more water 
than normally required was used. The pellets were 
softer and more moist but hardened satisfactorily on 
drying. 


In the pilot plant machine, anthracite 
silts with moisture contents ranging from 
13 to 21 pct have been extruded satisfac- 
torily in 44-, 3g-, and }4-in. diam sizes. 


- Similarly, bituminous silt of 15 to 20 pct 


moisture content has been extruded to 
produce satisfactory }4-, 34- and 1-in. 
pellets. - ; 
Mixing and De-airing 
In laboratory work, it was found advan- 
tageous to pass the material through the 


press two or more times in order to obtain 
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thorough mixing and thus produce an 
improved product. The same improvement 
could usually be accomplished by mixing 
the coal with the required amount of 
moisture and then allowing the mixture to 
age for a few hours before extruding. A 
similar phenomena has been observed’ in 
the ceramics industry where an improved 
product results when the clays are aged 
before molding or pressing. In this way the 
moisture is allowed to penetrate the coal 
mass, wetting the surface and removing the 
adsorbed air film. A method used in the 
ceramics industry for removing this air 
film involves the application of vacuum 


during extrusion, with resultant improve- 


ment of the product. It has been reported® 
that the additional power expended to 
operate the vacuum pumps is largely saved 
by improved performance of the extrusion 
press. The application of vacuum de-airing 
during extrusion of coal pellets may allevi- 
ate some of the operating difficulties, reduce 
the number of passes necessary and im- 
prove the resulting product. 


Size Consist and Pulverization 


A number of tests have been made to 
determine whether the initial size limits of 
the silt are critical. In general, the results 
suggest that within the limits encountered 
in typical silts, top size about }¢-in., the 
initial size is not critical. Satisfactory pel- 
lets have been made from silts ranging in 
top size from 27 pct on 14-mesh to roo pet 
through 200-mesh. The latter was not a 
natural silt, but an anthracite silt ground 
to this size in a hammer mill. 

Although within limits, top size appears 
not to be of major significance, size consist 
(distribution of sizes) appears to be of con- 
siderable importance. Frequently the size 
consist of a silt will not be that most satis- 


factory for extrusion. In part, the extrusion 


process itself will take care of this deficiency - 
by grinding the material to a new size con- 
sist. Over the limited range tested, it 
appears that most of the grinding action 
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‘ 


occurs during the first pass through the — suggests that the silt is ground to a consist 
press, but in cases where the consist differs that will give maximum packing in each 
radically from the ‘optimum, additional case and that little additional change occurs 
passes will modify the consist further and after this condition has been attained. 

will usually improve the quality of the Results of the screen analyses of the 
product. It has been observed also that for original silt and of the material in the 


TABLE 2—Size Consist of Silt and of Material in Extruded Pellets 


Screen Analysis (Tyler Series) Per Cent 


Material 

6 X 14/14 X 20/20 X 35/35 X 65/65 X Ioo|100 X 150/150 X 200] — 200 
Anthracite Silt (feed material)...... 3.6 6.4 25.4 29.0 12.0 6.6 5.0 12.0 
1g-in. Pellets (Lab Machine)...... 0.6 0.7 12.9 19.7 14.6 6.9 8.79 35.9 
3g-in. Pellets (Lab Machine)...... 0.6 0.8 12.0 22.0 13.0 7.0 9.6 35.0 
Bituminous Silt (feed material)..... 2.3 ack 28.5 35.0 14.5 6.4 3.8 5.4 
3g-in. Pellets (Lab Machine)...... 2 1.0 9.2 14.9 9.0 5.8 5.4 54.5 
Subbituminous Silt (feed material)...] 7.5 19.5 33.2 15.6 6.8 4.0 323 10.1 
3¢-in. Pellets (Lab Machine)...... 2.4 9.2 20.5 15.6 5.6 2.3 1.8 36.6 

Anthracite Silt 
44-in. Pellets (Pilot Machine).....] 0.5 3.0 $3.5 20.1 10.3 6.0 5.4 41.6 
‘Bin. Pellets (Pilot Machine)..... 0.6 3-2 13.0 20.4 10.5 6.2 6.0 40.1 

Bituminous Silt 
I-in. Pellets (Pilot Machine)...... 0.1 0.2 1.6 16 20.0 12.5 10.5 38.6 


90 


84 


INDEX 


60 


STRENGTH 


PERCENTAGE MOISTURE ON ORY COAL BASIS 


Fic 6—CHANGE IN STRENGTH INDEX FOR 3-IN. ANTHRACITE PELLETS WITH CHANGE IN MOISTURE 
CONTENT. 


the two sizes of pellets studied most ex- pellets afterextrusion from the laboratory 
tensively, }¢- and 3¢-in., the size consist is _ press are shown in Table 2 for 1g- and 3¢-in. 
' modified to the same extent despite the fact anthracite pellets from the same silt, for 
that more power is required for the extru- _ 3¢-in. bituminous pellets from a bituminous 
sion of the smaller size and the opportunity silt, and for 3¢-in. pellets from a subbi- 


for grinding appears to be greater. This tuminous silt. Screen analyses for both. 
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anthracite and bituminous pellets from the 
pilot plant operations are also shown. The 
screen analyses of the pellets were ob- 
tained by allowing the pellets to disinte- 
grate in a beaker of water, and wet screen- 
ing the resultant material. 


Drying 

When obtaining a satisfactory extruded 
product, the pellets usually emerge from 
the press at temperatures in excess of 130°F 
and with moisture contents of 13 to 20 
pct, depending upon the initial moisture 
content of the feed, the die thickness, and 
the diameter of the pellets. In this condition 
the pellets are relatively weak and will not 
withstand extensive handling or deep piling 
without deformation. Some form of drying 
is therefore essential. 

Laboratory tests indicate that after dry- 
ing to a moisture content of about 10 or 11 
pet, the product will withstand normal 
handling and piling, but that the resistance 
to crushing and abrasion is still relatively 
low. The increase in mechanical stability 
of the pellets, as a result of moisture con- 
tent reduction, is shown in Fig 6 for a 
sample of 3¢-in. pellets prepared from an 
anthracite silt. These results suggest that 
in the range from about 7 to o pct moisture 
content the strength index is almost in- 
versely proportional to moisture content. 


TABLE 3—I/nfluence of Rate of Drying upon 
: Pellet Strength 


Air Circulation 


Temp. 5 

Pellet Rate through | Time of 

Size gi P ee Bed in Ft.? per Pre- See 
In. Ope Min. per Ft? of | drying* 

Bed Area 

34 70 ° 6 hr ot 
34 70 50 90 min 87 
34 70 100 65 min 80 
34 160 50 17 min 84 
aA 70 Co) 4 hr 90 
4% 160 50 8 min. 83 


Ce 
* One-inch layer of pellets pre-dried to 6.5 pct 

moisture content followed by oven drying at 210°F. 
+ Oven dried at 210°F.. 


Laboratory tests also suggest that the 


rate and temperature of drying may have 
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an influence upon the strength index of the 
final product. The data of Table 3 suggest 
that as the rate of drying is increased, the 
strength index of the product decreases. 
This same result has been observed in the 
drying of pelletized catalyst.® 


W ater proofing 


The extruded pellets after drying possess 
the undesirable property. of disintegrating 
upon direct contact with water. For certain 
uses or where indoor storage could be used 
this would not be an important factor, but 
where outdoor storage is desired, the 
product would have to be weatherproofed. 
With anthracite and bituminous coal 
pellets there are several ways in which this 
can be accomplished, such as the addition 
of various binders or a mild low tempera- 
ture carbonization. 

Of the many binders investigated, one of 
the most promising appears to be low cost 
tar emulsions* from heavy oil water-gas 
operations. From 3 to 5 pct of the tar 
emulsion, containing approximately 70 pct 
tar, added to the silt prior to extrusion 
resulted in complete waterproofing. In 
some instances the tar also improved the 
ease of production and the strength of the 
product, but insufficient data have been 
secured to generalize upon these latter 
advantages. 

Similar results were obtained using vari- 
ous wax emulsions which like the tar 
emulsion break upon drying and thus form 
a water repellent film around each particle. 
None of the waxes tried appeared to be 
more efficient than the tar, however, and as 
their cost was relatively greater, the use of 
tar emulsion appears to offer more promise. 

Certain of the pelletized bituminous 
coals after extrusion appear to have a mild 
degree of water repellency. This is not a 
general characteristic of all bituminous coal 
pellets and must be attributable to some 
inherent property of these particular coals 


* Separator Tar. Sp. Gr. 1.16; Engler: Visc. 
50 cc at 60°C 483 sec. 
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or to the conditions of extrusion. This phe- 
nomenon has not yet been investigated 
thoroughly. 

As pointed out by Gauger!? low rank 


TEMPERATURE OF CARBONIZATION 


PERCENTAGE VOLATILE MATTER 


0 25 
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increase in the mechanical strength of the 
product. As would be expected, how- 
ever, the carbonization of pellets made 
from subbituminous coal did not result 


°F 


800 


50 100 


CARBONIZATION TIME IN MINUTES 


Fic 7—CHANGE IN VOLATILE CONTENT OF BITUMINOUS COAL PELLETS AS A RESULT OF LOW 
TEMPERATURE CARBONIZATION AT CONSTANT TEMPERATURE FOR VARYING TIMES AND CONSTANT 


TIME FOR VARYING TEMPERATURES. 


coals have better wettability toward water 
than do the higher rank coals, but the 
wettability toward organic binders such as 
tar and pitch is poorer. It would be ex- 
pected therefore that the waterproofing of 
low rank coal with the tar or wax emulsions 
would be less satisfactory than for anthra- 
cite and bituminous coals. This proved to 
be the case. Additions of up to 5 pct of the 
organic! waterproofing agents to the sub- 
bituminous silt failed to produce sat- 
isfactory water repellency and _ served 
only to decrease the strength of the pellets 
produced. 

A mild carbonization at 750°F of bitumi- 
nous coal pellets and pellets made from 
mixtures of bituminous coal and anthracite 
resulted in a waterproof product and, as 
discussed in the following section, in an 


in any improvement in water repellency or 
strength properties. 


Carbonization 


Extruded pellets from a number of bi- 
tuminous coals, anthracite-bituminous coal 
mixtures, and a subbituminous coal, have 
been carbonized on a laboratory scale at 
750°F to determine the suitability of such 
a product for use as a smokeless fuel. The 
response to this low temperature carboniza- 
tion was quite varied. Some of the bitumi- 
nous coal pellets swelled to two or three 
times their normal size as might be ex- 
pected, while others showed little or no 
swelling even though coals from the same 
source are known to have fairly high swell- 
ing properties. The behavior of the pellets 
from anthracite-bituminous coal mixtures 


* wet; P 


ptt 2 
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showed no significant swelling although 
carbonizing satisfactorily, and the pellets 
made from the subbituminous coal showed 
no carbonization effect except loss of volatile 
matter. With the exception of the subbi- 


carbonizing conditions employed in the 
test, but are indicative of the general 
trends. Test data on the strength of car- 
bonized and uncarbonized pellets from the 
same batch appear in Table 4. 


TABLE 4—Strength Index of Pellets and Standard Fuels 


Material Source 


Anthracite Silt No. 1......... N 
Anthracite Silt No. 1......... N 
Anthracite Silt No. 1......... N 
Anthracite Silt No. 1......... N 
Anthracite Silt No. 2......... N. 
Anthracite Silt No. 2......... N. Field 
Anthrafines No. I............ S. Fi 
Anthrafines No. 1 (—65 mesh) |S 
Anthrafines No. 1(— 200 mesh) 2 

iS) 

Ss 


Antbrafines NO. Lis. cinee\- ise: Field 
Anthrafines No. Is. ssjs's'. cere Field 
Anthrafines No. (1% 9 stasis 5 2" Field 
Anthrafines: No. 1-....... <5. - S. Field 
POLITE CAN. cieie.s 9) aiererelslwtore) = Ohio No. 8 
BireolurtycA .<kewieiaesce<)e Ohio No. 8 
GPO GB ies pecieasemie sic Ohio No. 8 
WEPVOit Disk cle oats. vient = Ohio. No. 8 
Bibwotlt Cnet reo nee aes te se Ohio No. 8 
johns STUUR GO gt ea ee Re Ohio No. 8 
Bit. Cyclone Dust........... Upper Freeport 
OAT AE Ee ee scien cree er Fulton and Barnett 
Sti bit woube ts os easter f- Drumheller (Alberta) 
25 pet Bit. Cyclone Dust + 

75 pet Anth. Silt No. 1..... 
25 pet Bit. Cyclone Dust + 

75 pct Anth. Silt No. 1..... 
50 pct. Bit. Cyclone Dust + 

50 pct Anth. Silt No. 1..... 
80 pct Bit. Cyclone Dust + 

20 pet Anth. Silt No. 1..... 
60 pct Bit. Silt A + 40 pct 

Ath vOult UNO. Lites she.c ken 
80 pct Bit. Silt A + 20 pct 

Aa tHe bUNOssD <class + 2 os 
Treverton Anthracite No. 1 

TEFE(]'&, gel Ae Oa ck-ee Orca Lea S. Field 
Tamaqua Anthracite No. 2 

VERDC SS SSA onan IA cate S. Field 
Blast Furnace Coke +2 X wy 

Stay, eae Ay er Oe oes 
Bituminous Coal }4 in. X 16 : : 

FEST ee clos Sraistaets pee ere Lower Kittanning 
Bituminous Coal 44 in. X 16] 

Tesla. Metesis eistasscieis «sisi Pittsburgh 


Vol. Pellet | Extru- Strength} 


Binder Diam} sion 

* 

Matter (aan lupcess Index 
9.0 ° 4% |Lab 90 
9.0 fo) 28 fab 91 
9.0 (e) 54 a or 
9.0 te) 34 +| Lab 84 

te) 4 Pilot 81 
° 1 Pilot 79 
4.6 °o 4 Lab 36 
; aga eal er 
a 9 
4.6 5 pet Floigel + 84 Lab 78 
4.6 6 pet Lignone 34 Lab 92 
4.6 |3pctF+ 3.7 pctL| 34 |Lab 91 
4.6 |5 PctF+6PctL| % Lab 95 
AI.4 Oo. 3g | Lab 93 
= 2 4 Corbonizeds 33 ers 95 
5 a 5 
AI. 3 Carbonizedt ss bab 79 
42. ts) & ab 71 
Carbonized { 34 Lab 02 
33.0 oO 34 Lab ts) 
oO I Pilot 85 
AZv2 to) 34 Lab 04 
(s) 34 Lab 74 
Carbonizedt 34 Lab 85 
to) 3g | Lab 68 
(0) 36 Lab 64 
° 34 Lab 76 
fo) 3g | Lab 90 
I0.2 ‘. 97 5 
4.5 99.5 
99.5 
28.0 82.5 
40.0 96.5 


* Ash and moisture free basis. 
Oven dry samples. 
Carbonized for one hour at 750°F. 


tuminous pellets, all showed an improve- 
ment in strength properties, although the 
degree of improvement varied considerably. 

The reduction in volatile matter of a 
sample of 3¢-in. pellets from a high volatile 
bituminous coal as a function of time of 
carbonization at 750°F and as a function 
of temperature for a fixed time interval of 
one hour was determined and the results 
are shown in Fig 7. These quantitative 
results are specific only for the particular 


Lubrication 


An interesting phenomenon was observed 
during the use of wax emulsions for the 
purpose of weatherproofing the pellets. It 
was observed that as little as one-half per 
cent of wax acted as a lubricant to such an 
extent that the power consumption was 
reduced to about one-half that required for 
the-nonlubricated extrusion. Coals that, 
had previously given trouble when fed too 
rapidly to the press could be handled 
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readily when the wax emulsion was used 
and the through-put thereby increased. 
This behavior appears to be similar to that 
encountered in the clay working industries 
where lubricants in the form of oils, steam 
and even electricity—in which the phe- 
nomenon of electro-osmosis is utilized— 
have been successfully employed.!! Whether 
the additional cost of the lubricant can be 
justified in terms of decreased power con- 
sumption and increased through-put can- 
not be definitely established until pilot 
plant data have been obtained upon which 
more accurate cost estimates can be based. 


PROPERTIES OF EXTRUDED PELLETS 


The properties of the extruded pellets, 
especially as they influence the possible use 
of the product, are of interest. These prop- 
erties and probable behavior as indicated 
by laboratory tests have been evaluated 
and are discussed individually in the follow- 
ing sections. 


Strength and Handling Properties 


A property of major interest in any con- 
sideration of the extrusion process is the 
strength of the product and its ability to 
withstand normal handling. Since in gen- 
eral the quantity of material available for 
test as a result of laboratory extrusion 
studies was insufficient for the regular 
A.S.T.M. shatter and tumbler tests, a 
modification of theTy-Lab Tester Method!” 
previously used in assaying the relative 
strength of laboratory blend cokes was 
used.* A somewhat different method was 


* This method is as follows: 50 g of pellets 
are placed in a wide mouth quart jar (Fisher 
Scientific Co. 3-315) with screw top. After 
being padded to prevent shifting and breakage, 
the jar is placed on its side in a Ty-Lab Tester 
pan and the lid clamped securely in place. 
The jar and contents are shaken vigorously 
for 5 min. by the up and down motion of the 
Ty-Lab Tester. After shaking, the contents of 
the jar are removed and screened. The per- 
centage of +16-mesh remaining (all original 
material was -+16-mesh) is reported as the 
strength index. In order to insure comparable 
results, all samples are oven dried at 210°F 
prior to strength test. Duplicate tests are per- 
formed and if the results do not agree within 
+1 pct, the test is repeated. 
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subsequently adopted by the Anthracite 


‘Institute? which is more suited to routine 


testing of large numbers of samples. The 


two tests appear to give values that are 


numerically similar. 

The strength index, Ty-Lab method, of a 
few representative samples of pellets from 
anthracite and bituminous silts and from 
anthracite-bituminous silt mixtures are 
shown in Table 4 together with data on the 
strength of a number of standard fuels. In 
general a strength index of 80 or better is 
considered to indicate good handling prop- 
erties,* although pellets with a strength 
index below this value can undoubtedly 
be used successfully where the conditions of 
use do not promote severe degradation. 


Physical Properties 
Bulk densities, pellet densities, porosities 
and apparent densities of the pellets are 
shown in Table s. 


TABLE 5—Physical Properties of Pellets 


Material y . 

olids 

Cent e ee 

Cc 

Lg Anthracite 43.0 17.5 1.58 
3% Anthracite 47.5 18.0 1.61 
5g Anthracite 40.5 19.6 1.58 
34 Anthracite 45.5 a3.3 1.590 
34 Bituminous .0 19.4 1.39 


Since the pellets could be cut and filed to 
any convenient length the volumes were 
easily measured. The pellet density was 
then obtained by dividing the weight by 
the volume. The porosity was measured by 
saturating the voids in the pellets with a 


special low vapor pressure oil under . 


vacuum. The pellets did not disintegrate in 
the oil which was easy to handle because of 
its low viscosity, low volatility and ready 
wettability. 

*The Anthracite Institute? tests have 
shown that material with a strength index of 


80, by their test method, withstood severe 
handling without excessive degradation, 
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Resistance to Gas Flow 


Resistance to’ gas flow of beds of various 
sizes of pellets has been determined in the 
standard apparatus used for that purpose 
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Combustion Behavior 


Tests on the combustion characteristics 
of the pellets have been made in the appara- 
tus used at the College for studies on the 


ANTHRACITE SILT PELLETS § x3 
ANTHRACITE SILT PELLETS 8x " 
BITUMINOUS SILT PELLETS Bx he 
NO.2 BUCKWHEAT ANTHRACITE ie x & 
NO. | BUCKWHEAT ANTHRACITE Bx & 
PEA ANTHRACITE | ® x 
20 25 30 35 40 
MINUTES 


. Fic 8—CoMPARATIVE BURNING RATES OF PELLETS AND SIZED ANTHRACITE, 


and described by Barclay.!* These tests 
showed that the resistance to gas flow of 
-1g-in. pellets falls between the values for 
No. 1 buckwheat (545 X %e@ in.) and pea 
(1346 X %@ in.) sized anthracite. The re- 
sistance of the 3¢-in. pellets falls between 
‘the values for pea and chestnut (15g 
x 1346 in.) sized anthracite and the re- 
sistance of 5¢-in. pellets is almost equal to 
that of chestnut size anthracite. é 

_ It is apparent.from these results that the 
-pellets offer appreciably less resistance to 
gas flow than do the prepared sizes of an- 
_thracite of comparable sizes. This is due to 
the rod-like shape of the pellets which tends 
‘to form a more permeable bed. This is ad- 
.yantageous in any type of fuel burning 
equipment because the same quantity of 
air can be used with a smaller driving force 
awhether it be forced, induced or natural 
draft. : 


fundamentals of combustion. This unit con- 
sists of a stainless steel retort in which a 
single layer of the fuel, supported on a 
stainless steel grate, is burned under con- 
trolled conditions of temperature and air 
supply.. The loss in weight as a result of 
burning is determined at frequent intervals 
by means of a torsion balance from which 
the grate and burning charge are suspended. 
For the tests herein reported the retort 
temperature was maintained constant at 
1870°F. The grate and fuel were introduced 
into the hot furnace and the charge per- 
mitted to attain its own temperature level. 
After the first few minutes its temperature 
fell to that of the furnace. A fixed per- 
centage of excess air was supplied at all 
times during the burning and was the same 
for all tests. 

Test data for two sizes of anthracite 
pellets, one size of bituminous pellets and- 


- 
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for three sizes of natural anthracite, are 
shown in Fig 8. From these data it may be 
concluded that the ‘apparent reactivity”’ 
(per cent: of ash-moisture free coal con- 
sumed per unit of time) is higher for the 
pellets than for natural anthracite of com- 
parable size; this, despite the fact that the 
pellets contain appreciably higher ash con- 
tents. Thus the pellets which have a lower 
fuel bed resistance than natural anthracite 
of comparable size have a higher “‘apparent 
reactivity.” This combination of charac- 
teristics should be advantageous in any 
combustion or gasification applications. 

The physical behavior of the anthracite 
pellets during combustion is also of interest. 
They maintained their shape, even when 
cold pellets were charged into the furnace 
at 1870°F, with no signs of decrepitation or 
spalling as a result of the thermal shock. 
The ash resulting from the pellet retains the 
original shape of the pellets while shrinking 
to about 24 to 14 the original size. The ash 
appears to fuse at points of contact forming 
a very porous semi-sintered mass with 
strength almost as great as that of the 
original pellets. It is possible that pellets 
from silts having markedly different ash 
fusion characteristics will behave differ- 
ently, but all the anthracite pellets thus far 
studied in the laboratory tests exhibited 
this property. 

The bituminous pellets, as would be ex- 
pected, varied in their physical behavior 
with the origin of the coal. No decrepitation 
or spalling was observed with any of these 
pellets, although some had a tendency to 
fuse and agglomerate and a few exhibited 
strong swelling characteristics. Pellets from 
a High Volatile A coal of 41.4 pct volatile 
matter content, however, showed no ap- 
preciable swelling or agglomerating ten- 
dencies and burned freely. Unlike the ash 
of the anthracite pellets tested, however, 
the ash from the bituminous pellets studied 
had no appreciable strength and broke 
away from the pellets as a fine ash upon 


being disturbed. 
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Behavior Under Gasification Conditions 


In view of the high “‘apparent reactiv- 


ity” and low fuel bed resistance, the suita- 


bility of pellets for gasification purposes has 
been considered. To be satisfactory for this 
application the ignited pellets must be able 
to withstand the pressure of about 400 psf 
exerted by the weight of fuel above the high 
temperature zone, must maintain their 
strength in the presence of steam, and 
should produce no more fly material at the 
gas velocities encountered than do the sized 
fuels normally employed. To determine 
these characteristics the following tests 
were performed: Only anthracite pellets 
have been investigated up to the present. 

To test the strength of the pellets when 
burning in a fuel bed under an imposed 
weight load, the apparatus shown in Fig 9 
was devised. The pellets are placed on a 
6-in. diam stainless steel. grate while a 
perforated stainless steel plate 414-in. in 
diam rests on the top of the fuel bed. After 
the fuel is ignited and is burning briskly, 
weights are added to the platform to impose 
a simulated load. A lever indicating arm 
attached to the platform as a fulcrum indi- 
cates any movement of the plate resting on 
top of the fuel bed. 

In the tests, no indication of sudden or 
serious breakdown of the pellets was ob- 
served, the depression of the bed being 
proportional to the weight added. The de- 
pression indicating apparatus itself exerted 
a pressure equivalent to 95 psf and in one 
series of tests this load was maintained for 
10 min. before adding additional weights in 
order to determine the normal settling due 
to the burning alone. Over the following 
2-min. period, weights equivalent to a load 
of 600 psf were added while vigorous burn- 
ing waS ‘continued. A slight (2 to 3 pet) 
compression of the bed resulted with all 
three sizes of pellets tested and with the rice 
size anthracite run as a control. Other than 


this compression, the normal rate of de- 


pression as a function of ae was 
maintained. 


a 
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Tests under a constant load of 600" psf 
were also made under gasification condi- 
tions with an air-steam ratio of 2 to 1. 
Results are shown in Fig ro in comparison 


FROM FLOW METERS 
AND AIR-STEAM 
SATURATORS 
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burned under a maximum applied load of 
goo psf. The bottom view pictures appear 
larger than the top view because in remoy- 
ing the ash bed from the grate to the pan in 


Fic Q—APPARATUS FOR DETERMINING THE DEFORMATION OF BURNING PELLETS UNDER IMPOSED 
LOADS. R 


with rice anthracite and pellets burned 
with air only at the same load conditions, 
and with pellets burned with air only under 
virtually no applied pressure. These results 
show that the presence of the steam has no 
significant effect. They also show that the 
depression of the bed is substantially less 
for the pellets than for the rice anthracite. 
This illustrates clearly the relative strength 
of the pellet ash as compared to the anthra- 
cite ash. Fig 11 shows photographs of the 
ash beds resulting from depression tests on 
1g and 3-in. pellets and on rice anthracite 


which it was photographed the ash spread 
out over a larger area. 

_ Tests were also performed to determine 
the fly material resulting from the gasifica- 
tion of pellets and rice size anthracite when 
gasified at a rate of 20 lb of carbon per sq 
ft of grate area per hr—a rate comparable » 
to typical producer gas operations—in a 
laboratory producer. The fly material was 
collected in a large cyclone which was 
backed up by a glass wool filter. With the 
3¢-in. pellets, the total fly material col- 
lected was 0.003 pct and with rice size 
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anthracite 0.005 pct. These results suggest 
that the pellets are at least as satisfactory 
as, if not more so than, sized anthracite. 


Prror PLANT OPERATIONS 


Two series of pilot plant scale test opera- 
tions have been conducted within the past 
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size is increased to 1-in. in diam. The 
power consumption also varies with the 
size of the pellets, being generally lower 
for the larger sizes. Depending upon the 
size of pellets and the particular material 
extruded, power consumption has varied 
from about 12 to 20 kw-hr per ton of 


80 100 120 140 160 
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Fic 10—DEPRESSION OF FUEL BED UNDER IMPOSED LOAD EQUIVALENT TO 600 PSF DURING THE 
BURNING PELLETS AND SIZED ANTHRACITE, 


year during which several hundred tons of 
silt have been successfully extruded to 
produce pelletized fuel. The first series of 
tests conducted cooperatively by the An- 
thracite Institute, The Glen Alden Coal 
Co. and the J. F. Pritchard and Co. was 
made using a variety of anthracite silts, and 
the second series by the Rockhill Coal Co. 
and the J. F. Pritchard and Co. using 
4g-in. low volatile bituminous coal and 
bituminous coal silt. Fig 12 shows a close 
up view of the pilot plant machine extrud- 
ing 34-in. bituminous coal pellets. 

The capacity of the machine, nominally 
rated at 4 tons per hr, varies with the size 
of pellets extruded, being somewhat below 
rating for }¢-in. pellets, and exceeding rat- 
ing by more than 25 pct when the pellet 


material extruded. Data on the extrusion 
pressure with the pilot machine have not 
been obtained, but comparing the power 
consumption and texture of the product 
from laboratory and pilot plant operations 
on the same silts it is estimated that the 
pressures are in the range of 300 to 600 psi 
depending upon the size of the extrusion 
product. 

Wear on the auger and die of the pilot 
machine has been surprisingly low, al- 
though sufficient tonnages have not yet 
been extruded to justify detailed cost 
estimates. Many of the early defects in the 
design of the machine, the dies, and the 
augers, were rectified during the anthracite 
tests, and have not been encountered dur- 
ing the pilot plant tests using bituminous 
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coal silt. During the early tests with anthra- _ edge of the auger flights, repair is relatively 
cite silt auger wear appeared to be exces- simple and inexpensive. 

sive, but this was later shown to be due to The product, resulting from the pilot 
design and materials of construction. Even plant extrusion operations has been tested 
when excessive wear occurs at the leading on a variety of commercial combustion 
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Fic 11—Tor AND BOTTOM VIEWS SHOWING CONDITION OF PELLET AND COAL BEDS AFTER STRENGTH 
TESTS MAXIMUM LOAD OF Q0O PSF APPLIED. 
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equipment, including stoves, open fireplace 
grates, service water heaters, hand-fired 
domestic furnaces, hand-fired industrial 
furnaces, travelling grate stokers and in a 


hand-fired locomotive boiler. In general the 
combustion performance has been satis- 
factory to excellent. In a few instances 
where excessively high ash content mate- 
rial was used, some difficulty has been 
experienced in producing sufficient heat to 
meet the demand but this was not because 
of poor burning properties of the pelletized 
fuel. Detailed descriptions of a number of 
such tests are included in the report of 
Mulcey and Eckerd.? 

Various estimates by interested parties 
have been made as to the cost of upgrading 
the silt by extrusion. The process is still in 
the development stage and firm figures on 
equipment and operating costs have not 
yet been established. Neglecting the value 
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Fic 12—PILOT PLANT EXTRUSION PRESS PRODUC 
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_of the silt, the extremes in current cost 


estimates range from $1.25 to $2.00 per ton 
of dried product. A 1o ton per hr plant 
complete with mixing, handling, extrusion 


ING 34-IN. PELLETS FROM BITUMINOUS COAL SILT. 


and drying equipment has been estimated 
to cost between $40,000 and $65,000. The 
rate of amortization of this investment in- 
fluences markedly the cost per ton of the 
product. Similarly the cost of the product 
will vary as much as 25 to 50 cents per ton 
depending upon whether or not a weather- 
proofing agent is required. Until such time 
as plant scale operations are conducted for 
a reasonable period of time, reliable cost 
estimates cannot be made. 

The market value of the extruded prod- 
uct is similarly open to some question. 
Because of the relatively high ash content 
the product will probably not command a 
price equivalent to prepared sizes of the 
samé fuel. The uniformity of size, high 
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‘apparent reactivity,” low bed resistance 
and desirable burning characteristics make 
the product a useful fuel, however, and it 
is believed that a substantial market could 
be developed in both domestic and indus- 
trial applications. When silts with a natu- 
rally low ash content or silts cleaned to low 
ash contents are pelletized, it appears 
possible that the product may be able to 
command a price comparable to the pre- 
pared sizes of similar fuels. 


CONCLUSIONS 


Coal silts ranging in rank from sub- 
bituminous to anthracite have been suc- 
cessfully extruded without binders to 
produce pelletized fuel. Over two dozen 
different silts have been pelletized in the 
laboratory extrusion press, and several 
hundred tons of anthracite and bituminous 
coal silts have been pelletized in pilot plant 
operations. 

The mechanism by which the silt par- 
ticles are bound into stable pellets appears 
to be similar to that by which low rank 
coals have been successfully briquetted 
with pressure alone. This mechanism is 
believed to be one of capillary forces. 

The two most important silt properties 
influencing the strength of the pellets 
appear to be size consist and moisture 
content. The size consist of the extruded 
product must be such that the capillaries 
produced upon extrusion are small enough 
so that capillary forces become effective. 
The moisture content must be such that 
every particle is thoroughly wetted and 
that the mass is plastic enough to flow 
through the die. 

The extruded pellets normally contain 
from 13 to 20 pct moisture and in this con- 
dition are relatively weak. They may be 
safely handled, and piled after drying to 
about ro or 11 pct. Further drying increases 
the strength almost as a direct function of 
decrease in moisture content. Satisfactory 
pellets, dried below about 6 pct moisture 
content, will withstand fairly severe hand- 
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ling without serious size degradation. The 
resistance to crushing and abrasion is about 
that of the so-called soft structure low and 
medium volatile bituminous coals. 

All of the binderless pellets will disinte- 
grate upon immersion in water and cannot 
be considered weatherproof. Anthracite 
and bituminous silt pellets may be water- 
proofed, however, by addition of small per- 
centages of tars or waxes to the silt, and 
bituminous pellets can also be water- 
proofed by a mild low temperature 
carbonization. 

The resistance:to gas flow of a bed of 
pellets is lower than that of solid coal of 
comparable size and the ‘“‘apparent reac- 
tivity” during combustion is greater than 
for anthracite of comparable size. During © 
combustion the pellets will withstand im- 
posed loads of at least goo psf without sig- 
nificant disintegration or collapse. Fly 
material from burning pellets is slight. 

The pellets can be produced in diameters 
up to at least 1 in., and normally range 
in length from about ¥ to 1 in. for the 
1g-in. diam pellets up to 3 or 4 in. for the 
1-in. diam size. 

Power consumption for the extrusion 
press varies from about 12 to 20 kw-hr per 
ton of extruded product and is largely de- 
pendent upon the moisture content and 
size consist of the silt and the size of the 
extruded pellets. 

Estimates of the cost of pelletization are 
hardly justified at the present time because 
application of the extrusion process to coal 
silts is too new. Based upon preliminary 
pilot plant data estimates ranging from 
about $1.25 to $2.00 per ton of dried 
product have been made. The market value 
of the product is similarly open to question 
although coal silt pellets have been used 
successfully in a variety of domestic and 
commercial burning equipment. 
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DISCUSSION 
(H. F. Hebley and E. E. Finn presiding) 


C. V. SPANGLER*—DRYING AND GENERAL 
INTEGRATION OF Process. The drying of the 
relatively soft extruded product, immediately 
as received from the extrusion die, is a neces- 
sary element of the process since the product 
cannot be handled in commercial quantities 
with any satisfaction at all until it has been 
hardened by evaporative drying. The drying 
equipment required will be a major part of any 
commercial installation. For a 10 ton per hr 
plant unit, heat drying equipment of perhaps 
two million Btu per hr input capacity will be 
required. The engineering details of the appli- 
cation of this heat to the product will vary with 
the product and location conditions. 

In any event, the heat drying equipment will 
be a major unit of the plant installation. The 
labor requirement for attention and control 
will probably be equal to that required for the 
extrusion process proper. The fuel cost, will be 
reasonable. As to installation cost, it is proba- 
ble that the dryer will cost as much or more 
than the extrusion machine proper. The instal- 
lation and operating cost figures contained in 
Dr. Wright’s paper include the drier and dry- 
ing costs, as well as the costs of other process 
elements and utility services. 

It is to be pointed out that the extrusion 
process, to be successful in commercial opera- 
tion, must operate on a continuous tonnage at a 
very regular and even rate. The essential 
mechanical elements are: 

1, A stock bin and supply equipment. 

2. A feeding device which can be readily ad- 
justed, for any desired rate of feed of the 
raw fine coal. 

3. Suitable and controllable equipment for 
the addition of water (or other additives) 
as required, 

4. Mixing equipment to thoroughly dis- 
tribute the additives through the moving 
charge going to the extruder. 

5. The extrusion machine proper. 

6. The drier, which will receive the product 
from the extruder. 

Experience has indicated. the absolute neces- 
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sity of regular even feeding of the charge to the 
extruder, with a constant optimum moisture 
content in order to handle satisfactory tonnage, 
and to deliver a satisfactory product. The data 
presented by Dr. Wright clearly indicate the 
need for such control. The drier must take the 
extruded product, harden it by drying at 
the same tonnage rate, so that the resultant 
final product can be handled by normal means. 

Full commercial scale pilot plant equipment 
is now in the process of being assembled and 
fabricated, under a cooperative arrangement, 
which will demonstrate and confirm all of the 
above outlined needs for the commercial use 
of the process. In the development of this 
process, it will be the function of J. F. Pritchard 
and Co. to design and build such equipment as 
will be needed, and to make such equipment, 
and engineering service as required, available to 
the coal industry. As far as is known at this 
time, the cost information submitted by Dr. 
Wright is substantially correct. 


PossIBLE GENERAL APPLICATIONS 


In review it can be stated that considerable 
laboratory and pilot plant scale work have 
been done, and obviously much remains to be 
done. The small pilot plant has been used on 
both anthracite and bituminous coal with satis- 
factory results, taking into account the obvious 
mechanical limitations of the particular ma- 
chine which was adapted for coal service. A 
brief review of possible general applications 
seems to be in order: 


Anthracite Silts 


& There is a very considerable tonnage of silts 
5 accumulated, and still accumulating, in the 
anthracite region. A certain amount of these 
: silts can be sold by the industry to large indus- 
trial and utility consumers who can afford to 
install necessary special combustion equipment 
to burn them. This market however cannot 
absorb anything like the total tonnage pro- 
duced. It would seem practical and economical 
for anthracite producers to extrude their silts, 
and burn the product in their own boiler 
plants, since they have in many instances ade- 
quate market for the coal that they are now 
burning in considerable tonnage. 


Bituminous Coals, Medium and Low Volatile 


: Several of these coals have been satisfac- 
torily extruded. There is believed to be eco- 
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nomic room for the extrusion of the fines from 
the central Pennsylvania fields of this class, for 
introduction into the Pittsburgh domestic 
market, which is now under a smokeless fuel 
ordinance. Some of the coals of suitable vola- 
tility are so friable that they cannot be satis- 
factorily delivered to this market without 
further processing. 


Bituminous Coals, High Volatile 


These coals, if not too strongly coking and 
swelling, can be partly carbonized at about 
750°F'as described by Dr. Wright. It is possible 

_ by this method to make a strong, waterproof, 
and smokeless product. Most coals of this class 
extrude well, and if waterproofed could be 
added to slack products to upgrade size. 


a; 
Sub-Bituminous Coals and Lignites 


The limited work done on this class, avail- 
able in considerable quantity in the midwest, 
indicates that they extrude very satisfactorily. 
They do not however satisfactorily take up 
pitch, tar or asphaltic materials for water- 
proofing. Since they are mainly noncoking, 
they do not waterproof by the application of 
heat, as other bituminous coals react to car- 
bonization. It is possible however to water- 
proof them by the addition of 5 pct by weight 
of Florigel (fullers earth) or other clay mate- 
rials. These clay materials are added to the raw 

_coal, mixed and extruded with it. The product 
is then heated to about 1ooo°F at which tem- 
perature the clay material ‘“‘sets.” The resultant 
product is water resistant. Obviously 5 pct 
ash has been added to the product; however if 
the moisture content of the original raw coal is 
high enough, as many midwestern coals are, the 
net result may be an upgrading of the coal. 


Gasification and Blending of Coals 


As Dr. Wright has pointed out, the “reac- 
tivity” of extruded coal is frequently higher 
than the “‘reactivity ” (per cent of ash-moisture 
free coal consumed per unit of time) of the raw 
coal from which the product is made. This 
might very well be of advantage in any coal 
gasification process. It might also be practical 
to introduce catalytic materials into the mix- 
ture before extrusion. Further, since certain 
gasification processes cannot satisfactorily use 
a coking or strongly swelling coal, it may be 
practical to blend coals to get an optimum 
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material for gasifying. The extrusion process 
offers a great many opportunities for the blend- 
ing of coals for many specified uses. 


J. W. Eckrerp*—I have several comments 
that I would like to make. First, let me say, 
the paper is excellent and for a number of us 
who have been, for the,past several years, in- 
vestigating the process it has been very 
enlightening. 

I am very much interested in the theory of 
pellet cohesion, that is, the capillary theory. 
We have found that a number of silt charac- 
teristics, particularly ash content, appear to 
influence this quality of the pellets. Whether 
these characteristics exert a direct influence 
or they are a result of, or a measure of, some 
other characteristic is difficult to determine. 
Nevertheless, we have never been able to make 
pellets with as high a resistance to impact and 
abrasion from low ash coals as we have from 
high ash coals. 

We have never ground any coals to 100 pct 
—200 mesh and, hence, may never have 
reached the size consist required for maximum 
packing or minimum voids. We did grind one 
low ash coal to —65 mesh, but it did not ap- 
preciably improve the pellet quality. If the 
first pass of a high ash silt through the machine 
does not produce satisfactory pellets it is 
usually possible to improve their quality until 


they are satisfactory by recycling the material . 


through the machine. This procedure has not 
been successful in producing satisfactory 
pellets from low ash coals. 

It appears, from the information in this 
paper and results we have obtained with vari- 
ous silts, that the differences in pellet quality 
may be due to the wettability of the coal sur- 
faces. If high ash coals are more readily wet 
than low ash coals, it would explain why the 
high ash coals produce better pellets than those 
with a low ash content and at the same time 
are more readily extruded. 

There are several other points on which I 
wish to comment. We have extruded several 
bituminous coals in our laboratory. One of 
these coals presented no difficulty and produced 
excellent pellets. A second coal investigated 
was never successfully pelletized. Wetting 
agents, asphalt binder, and multiple passes 
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were all used but no satisfactory pellets were 
produced. I believe Dr. Wright has had much 
the same experience with a number of bitumi- 
nous coals. 

The moisture content for each size of pellets 
and for each silt is critical. It has been our 
experience however, that better pellets can be 
produced at the relatively low moisture content 
of from 12 to 14 pct than at the higher moisture 
contents of from 18 to 20 pct often used. The 
pellets can be produced at approximately the 
same rate with the lower moisture content, but 
at almost certainly a higher power consumption. 

The last point on which I wish to comment 
is mixing. We have used wetting agents and 
reduced pressure, both with variable success, 
as aids in mixing to attempt to improve the 
product and to facilitate extrusion. The me- 
chanical difficulties encountered with the 
reduced pressure system made its evaluation 
difficult, but in one particular instance it did 
appear to have a beneficial effect. A number of 
wetting agents have been quite promising in 
that extrusion was more readily accomplished 
with certain silts and a better product was ob- 
tained. We have also found the pug mill to be 
a very useful tool in this important operation. 


R. E. ZrmmMermMan*—I found Dr. Wright’s 
paper very interesting. It so happens that the 
Hanna Coal Co. has done some experimental 
work on pelletizing their slurry at some of their 
cleaning plants, and I find that we concur with 
many of the things he has found out. 

I cannot quite concur, however, with the 
idea that strength of pellets is largely effected 
by size consist of feed—within limits of course. 
We found, similar to Mr. Eckerd’s findings, 
that the ash content, or more particularly the 
clay content of the coal has quite a lot to do 
with the strength of pellets produced. We have 
taken clean fines and made relatively poor 
pellets and taken high ash slurry and made 
good pellets. The clean fines, although some- 
what coarser than the high ash slurry was not 
markedly coarser and a fact not generally 
realized, coals of similar friability tend to be 
pulverized in the extruder to approximately the 
same size consist after one pass, and certainly 
after a second pass through the machine. 

The term high ash should be further ex- 
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plained to mean not inherent ash but. free 
impurities such as colloidal clay, the latter ob- 
viously having cementing properties. It seems 
logical, also, that this is only.one factor in the 
variation in the strength of pellets. The wetta- 
bility of the coal surfaces may also be a govern- 
ing element and freshly ground coal may have 


different strength than weathered or oxidized 
-coal in storage. 


Another point which I believe should be 
mentioned on pelletizing coal fines is that 
unless the pellets are waterproofed they will 
disintegrate readily when they come in contact 
with water. Bituminous pellets may be car- 
bonized satisfactorily. We find, however, that 
certain asphalt binders added at the rate of 1 
to 2 pct did a very good job of waterproofing. 

In general, I believe that the method de- 
scribed by the authors for pelletizing fine silts 
has considerable merit and possibilities. It 
would certainly seem worthwhile to continue 
investigating this method of upgrading fine 
sizes. 


W. W. Everetr*—Messers Day and Wright 
have covered the field as much as has been 
done up until now. This paper is a complete 
account of what is known to date of a method 
of making pellets out of coal silt by an extrusion 
process. The authors have ably presented the 
scope of the problem and the details of the 
process, and have pointed out the possible 
use of the finished product both as a domestic 
and as an industrial fuel. 

The work done so far demonstrates that it is 
possible to upgrade coal silt by an extrusion 
process, and make pellets which are particularly 
suitable for use as fuel in the hand-fired 
furnace. — 

In regard to the behavior of this product in a 
furnace, it is important to note two distinct 
advantages that the authors claim this fuel has 
over regularly sized coal. First, it offers less 
resistance to the gas flow through the fuel bed. 

Second, it has superior combustion behavior 
as regards thermal decrepitation and apparent 
reactivity, and is more free burning than a sized 
product. These two factors are very important 
in combustion and gasification applications as 
the authors point out in the paper. 

You will note from the contents of the paper 
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that the process of making pellets out of coal 
silt is quite complicated and involved. The ex- 
trusion alone requires a high degree of skill. 

The moisture content and size consist-of the 
feed to the extrusion machine are critical, and 
are also very difficult to control. When the 
pellets are extruded from the machine they are 
delicate and fragile and must be handled with 
extreme care until dry. 

Equipment for handling and drying these 
green pellets is still in the development stage. 
While there are many difficult engineering 
problems involved, the American manufac- 
turers’ ingenuity should certainly be able to 
solve them. 

The authors’ estimate of the potential supply 
of silt available for making pellets, namely, ro 
pet of the total anthracite production as. of 
1943 can be considered a little high because 
there has been a general increase in the tonnage 
of No. 4 and No. 5 recovered from the breaker 
silt during the intervening years. 

In the Northern Anthracite Field it is our 
estimate, based on spot tests, that the quan- 
tity of raw silt available at the present time is 
about 5 pct of the total production. This silt 
ranges in size from 142 to zero, and runs from 
30 to 35 pct. in ash content. 

It seems quite evident from a producer’s 
standpoint that any silt which is to be made up 
into pellets must first be processed to reduce the 
ash content to as near 12 pct as possible in 
order that the product may have any customer 
appeal. 

Such a process will recover about two-thirds 
of the raw silt for the production of pellets, 
The waste product will still have to be disposed 
of by means of back slushing inside the mines 
or in silt dams located on the surface. 

If for any reason there should occur a per- 
sistent drop in the present market demand for 
No. 4 and No. 5 buckwheat, these sizes would 
be available for pelletizing; and this would very 
materially increase the quantity and develop 
an active interest in this process of upgrading 
coal silt by means of extrusion into pellets. 
This process certainly appears to have more 
promise of success than any other process so far 
developed. 


E. R. Katser*—I would like to hear from 
either Dr. Wright or one of the others who 
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have been working on this with regard to what 
the economic potentials are. 

How much is the pellet worth in relation to 
other forms of anthracite? What are the eco- 
nomics of pelletization? Can you give us a gen- 
eral picture of costs that we may get a better 
idea of the potentials of this method? 


C. C. Wricut (authors’ reply)—Mr. Eckerd 
can answer the question better than I because 
he has been-contacted just recently by some 
groups interested in marketing the pellet if he 
can make it, so I will ask Mr. Eckerd to answer 
the question. 


J. W. Ecxerp—Unfortunately I do not feel 
that I am in a position, at present, to make 
public the price that was discussed. 


E. E. Fryn—May I say, having been in 
the operating end for years, that one of the 
problems isthe necessity of eliminating that 
fine material from streams. In Pennsylvania 
there is a law prohibiting stream pollution. 
Second is the cost of your normal disposal of 
these fines which you can write off. 

Then there is the question of marketing, first 
in using the pelletized material possibly at the 
mines to replace sizes that are marketable and 
‘then what price you can get for this material 
for different uses. 


C. C. Wricut—I think I can go a little be- 
yond what Mr. Eckerd had to say; the value 
of the pellets will be somewhere in the vicinity 
of sized fuel of the same type. Pelletized fuel 
seems to have very desirable combustible 
properties and even though it has a higher ash 
content these desirable properties are such that 
it should command a price comparable to the 
size fuel with which it is competing. 


J. W. Ecxrerp—I think that perhaps I may 
‘go a little further than I did. The price discus- 
sion was in connection with the use of pellets as 
a specialty fuel. It was considerably above the 
price of domestic prepared sizes of anthracite 
at the present time. I do not know how large the 
particular market under discussion would be. 
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P. F. Wuire*—May I add that during 
the development of the use of the pellets in 
several colliery power plants in the region, 


the time'they left the die until fired onto the 
fuel bed. 

During these growing pains, the request was 
passed back that the pellets be made tougher 
in order to withstand the abuse. This was ac- 
complished, so that toward the end of that 
phase of the project, the pellets held their shape 
without benefit of binder. Of course they were 
more porous and they burned more freely than 
standard colliery fuel, which is rice or barley or 
smaller. 

One of the aims of the project was the possi- 
ble development of a streamline operation in 
which pellets would be made and burned right 
at the colliery plants and thus release standard 
colliery fuel for domestic consumption. 

Finally, the pellets were fired on traveling 
grate stokers where they did an excellent job. 
An equivalent number of pounds of pellets was 
burned, as compared with coal, per thousand 
pounds of steam developed. 


E. R. KatsEr—I did several years of work on 
coal briquetting without binder and I might 
suggest something ba ga perhaps these People 
have tried. 

Rather than using the extrusion press, with 
material of high water content, a reciprocating 
plunger might be used to force coal: 6f lower 
moisture through a die. The die could offer 
enough resistance to make a suitable briquet- 
ting pressure possible if it is not too wet. If the 
coal is fine and has some moisture in it, it might 
not be necessary to use vacuum deairing.’ 

The reason I suggest the possible work with 
less water, using reciprocating ‘elements rather 
than the extrusion press, is that there would be 
less of a drying problem; the ash material or 
clay in the coal would still act as a binder and 
the amount of water would still be sufficient 
‘and would help hold the pieces together. 

It might be possible to do the whole thing 
with a lot less water and cut down on the diyike 
expense. 
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Estimates of Moisture Increases Due to Water-spraying Coal for 
Dust Control 


By T. W. Guy,* Memper AIME 


(Cincinnati Meeting, October 1947) 


THE increased moisture due to water- 
spraying for coal dust control is of interest 
even for mines from which the coal is to 
be wet-washed before screening, because in 
many cases wet coal dust materially de- 


20-mesh X 0 sizes as pct ROM ayerage ..-..--.+-++- 
_ 20-mesh X 0 sizes as pct 3g X 0 Sizes average.....--- 


creases the loading efficiency of men and 
equipment at the faces. It also causes a 
serious increase in the normal wear and 
deterioration of all equipment with which 
it comes in contact. It is important to the 
consumer if it increases his as-received 
moisture. 

No attempt will be made in this paper to 
cover the entire subject of water-spraying 
of coal for dust control. It will be confined 
to discussion and data on (1) percentages of 
dust in bituminous coals, (2) moisture 
increases due to spraying for dust control 
in mines or plants by methods which have 
proved satisfactory for periods of one to five 
or more years, and (3) a few suggestions for 
research. 


Size AND PERCENTAGE OF Coat Dust 


The U. S. Bureau of Mines! classifies as 
coal dust all bituminous coal passing a 
20-mesh sieve (0.0328 in, square opening). 
The percentage of such dust to be found in 
ROM coal, of course, varies widely with 
the characteristics of the seam, and with 
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the methods used in the mining and in the 
preparation of the coal. 

ROM screen analyses of 12 U. S. coals 
selected at random from personal files 
given in Table 1 show: 


6.3 pct Range 2.3 to 9.5 pct 


As Sha OO SOIC 18.9 pct Range 12.7 to 23.9 pct 


A few other screen analyses examined 
indicating 40 pct or more of 20-mesh X o 
dust in 3 in. X o sizes were not included 
because of uncertainty that they were 
representative. The number of results in 
Table 1 is not sufficient to give a reliable 


TaBLE 1—Percentages of Dust (20 M. Xo 


Sizes) in ROM and Resultants 
(Data from TWG Files) 


State Pct. ROM|Pct. 34 in. X o|Pct. 3¢ in. X-0 
Pastner Mido 3.9 10.5 16.7. 
Pa. 8.2 14.8 22.2 

: Baz £333 17.8 
9.5 13.0 18.6 

Wisp aAioetrershers at I4.3 23.0 
ais Veta ie ake 8.0 12.2 I9.8 
BWV Bah creas oie 8.0 DSF 19.8 
OWaE Valmet 8.1 Ir.6 T2383 
RS ieee 2.3 8.1 12.7 
DIU irr coud ene 4.4 14.2 18.9 
TNO ecty A Sec ares 4.6 14.5 20.2 
5 A pee — ren 6.8 19.8 23.9 
Average..... 6.3 ¥323 18.9 
Low.......+- 2.3 8.1 a7, 
Teed S Ape co 9.5 I9.8 23.9 


estimate of the average, or of the range to 
be expected, but it indicates that in every 
case the coal dust is a relatively large 
percentage of the total ROM coal, and, of 
course, a progressively larger percentage of 
resultants as the larger sizes are separated 
for marketing. 
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PERCENTAGE OF Dust IN CUTTINGS 


Little or no data were obtained on size 
consist of machine cuttings. An article by 
Cree and Connor? in 1938 showed for a 
series of 13 cutting tests in one seam size 
consist in which the smallest sieve used 
was 14 in. These showed percentages of 
cuttings averaging as follows: 


Range 
Inches Per Cent 
Plus 1 5.0 to 19.8 
34 X 1 2.3 to 22.3 
46 X 34 6.2 to 33.4 
y%xk 8.0 to 25.3 
y%xXoO I.9 to 46.0 
zo M Xo sizes estimated 
from the test data as pct of 
cuttings average 7.0 to 16.0 


The cuttings as pct of total coal vary 
thickness of kerf 
total thickness of coal 
thickness of kerf 


width of place 

kerfs. For a 6-in. horizontal kerf in a 30-in. 
seam, the percentage would be 20 pct and 
in a go-in. seam, 6.7 pct. If the pct of 
cuttings in a given ROM is to.0 pet and the 
dust in the cuttings as pct of cuttings 24.0 
pet or, as pct of ROM 2.4 pct and, if the 
total dust in this coal as pct of ROM is 6.0 
pct then the dust in the cuttings as pct of 
total dust in the ROM would be 2.4 pct/6.0 
pct or 40.0 pet. 

This would give 60 pct of the dust in this 
ROM as originating from sources other 
than the cuttings. These figures are not 
' given as generally applicable, but to illus- 
trate a point on which more data are 
needed. 


with for horizontal 


kerfs, and for vertical 


MoisturRE INCREASE DuE TO WATER 
SPRAYS FOR Dust CONTROL 


A study of a number of Bureau of Mines 
publications, data published by The 
American Mining Congress, and others in 
the U. S. and abroad, shows underground 
spraying for dust control in a considerable 
number of mines ranging from less than 1 


ESTIMATES OF MOISTURE INCREASES DUE TO WATER-SPRAYING COAL 


gal to more than 714 gal per ton of ROM 
coal, giving an increase in moisture as pct 
of ROM from less than 0.4 pet to more than 
3 pet. 

They also show spraying of cuttings 
ranging from less than 1 gal to 60 gal or 
more per ton of cuttings, corresponding to 
moisture increase as pct of cuttings from 
less than 0.4 pct to more than 20.0 pet. 

Four examples within these limits are as 
follows: 


Example A 


In the Jan. 1942 number of Mechaniza- 
tion, J. A. Saxe* of Island Creek Coal Co. 


describes apparatus and methods used for © 


dust control underground with the use of 
water and a wetting agent. 

An average of 1.5 gal of spray liquid is 
used per ton of ROM coal on cutters, 
loaders, cars, dumps and transfer points. 
This corresponds to a calculated increased 
moisture in the ROM of 0.63 pct. 

With this spraying the dust reduction is 
from about 300 million to 30 million parti- 
cles per cu ft, and is frequently around 20 
million particles at the machine operator’s 
station. It is understood that with this 
spraying it is not generally necessary to use 
further sprays for dust control in the 
screening and preparation plants. 

Eight Island Creek preparation plants 
make screen separations at 14 in. or smaller, 
6 use dedusters for removing —48-mesh 
dust, and 6 use pneumatic processes for 
cleaning —14-in. coal. The increased mois- 
ture due to sprays for dust control under- 
ground in these mines does not seriously 
increase the difficulties of screening and 
pneumatic cleaning the 14-in. X 0 coal. It 
is understood that the same system has 
been continued in these mines since that 
time, and is operating satisfactorily at 
present. 


Example B 


After several years of experimental work 
at this mine, all cutters, universal track 


<~ 


eet ie en 


Ea W 


type, were equipped with integral water 
tanks and spray pumps, and very satisfac- 
tory results were obtained in both under- 
cutting and shearing with a jet applied to 
the ingoing side of the cutter chain. Plain 
water used averaged 124 gal per ton of 
cuttings, equivalent to an increased mois- 
ture as pct of the cuttings, 0.7 pct = 1.0 
pet of 3g-in. X o. 

Dust sampling showed less than 15 
million particles per cu ft at the cutting 
machine operator’s station. The o.7 pct 
increased moisture in the cuttings did not 
seriously interfere with screening at 3¢ in. 
and smaller, or with the pneumatic clean- 
ing and dedusting at this plant. 

In order to eliminate increase in water 
due to wear of the discharge orifices, ex- 
periments are being made with a low 
capacity, high pressure turbo pump which 
will supply a constant quantity of water to 
the spray nozzles. 


Example C 


In a large group of mines, some without 
mechanical cleaning plants, some using wet 
washing including the fines which are later 
heat dried, some wet washing without the 
fines, some air cleaning and dedusting the 
fines, a great many methods and variations 
have been tried in water spraying for dust 
control underground, on the surface and in 
the preparation plants. 

It has been found from this group that 
any surface moisture in excess of 3 pct in 
the coal shipped is enough to cause serious 
trouble in cold weather, and is at any time 
likely to cause complaints from the 
consumer. 

It has been found desirable for efficient 
pneumatic cleaning, dedusting, and so on, 
to use water sprays on dry coal in order to 
decrease the variability of the feed, al- 
though a substantial part of the feed may 
be too wet for efficient cleaning. The electric 
eye and other devices have been used to 
turn on sprays when the coal is dusty, and 
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to cut them off when the dust is within 
permissible limits. 

In most mines of this group, sprays are 
used on the cutter bars and in some cases on 
loaders. They are also used on dumps, cars, 
transfer points, crushers, and the like, 
where the conditions require it. 

These mines on an average use from 14 to 
34 gal of water per ton of ROM coal. This 
corresponds to the moisture increase as pct 
of ROM of about o.2 to 0.3 pet. For 3 
in. X o this is equivalent to about 0.6 to 
1.0 pct. 

Tests show that in low moisture coals the 
3¢ in. Xo Rd. sizes containing surface 
moisture averaging 3 pct, the surface 
moisture in the r4-mesh X o sizes in the 
same sample will be about 5 to 8 pct, and in 
the 48-mesh Xo from the same sample 
probably 10 to 12 pet. At these moistures 
the fines are still not wet and will not stick 
to dry surfaces with which they come in 
contact. When the average surface mois- 
ture in the 3g in. X o reaches 434 to 5 pct, 
the moisture in the fines becomes high 
enough so that they begin to wet dry sur- 
faces with which they come in contact and 
begin to stick to such surfaces. 

100+ samples of heat dried and of air 
cleaned coal showed surface moistures in 
the —14-mesh sizes as follows: 


Heat Dried,} Air Cleaned, 
f, Pet ct 


Averages wae shana 2.2 Gees 
IVES irr target teveneca ever ete ae 4.8 
Maximum. joe... 55- = 4.1 nipieae 


For total moistures add 1.5 pct to the 
above. 


Example D 


This mine has not used sprays under- 
ground except at conveyor transfers in dry 
sections. 

Plain water sprayed per ton, under- 
ground, as pct ROM estimated less than 
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0.10 pct. In preparation plant, water with 
wetting agent applied by nine misting 
sprays with automatic controls at rotary 
dump, weigh basket, and ROM conveyor 
discharge, measured quantity average per 
ton, o.2 gal. Moisture increase per ton 
ROM 0.08 pct. Total moisture increase due 
to underground and plant sprays as pct 
ROM o.18 pct. Dust reduction by sprays 
estimated 70 to 80 pct. 

This system has been operating satis- 
factorily in this plant for 6 or 7 yr. In this 
plant all sprays are applied to ROM coal. 
If it is assumed that ‘ of the water 
sprayed goes into the —3¢-in. sizes, the 
moisture increase in the 86 in. X o would 
be 0.58 pct. 


SUMMARY 


20-mesh X o coal classified by Bureau of 
Mines as dust in different ROM coals 
possibly ranges as pct ROM from about 2 
to +15 pct as pct of the 3g in. X o sizes 
+10 to +40 pet. 

Insufficient data were available to the 
Committee for estimate of pct of dust in 
cuttings, and in dust from each of other 
principal sources. A guess is that dust from 
cuttings as pct of total dust will range +15 
to +40 pct. 

Dust control examples A to D, inclusive, 
show that with care and skill in spraying, 
with water and a wetting agent, or, with 
plain water, the dust has been controlled 
in a considerable number of mines through 
periods 1 to 6 yr, or longer, reducing dust 
at critical points from 70 to 90 pet, and 
meeting requirements then in effect, with 
increased moisture in ROM from 0.08 to 0.8 
pet and in 34 in. X o from 0.6 to 1.5 pet. 

Some mines report that surface moistures 
above 3 pct in products shipped will cause 
serious trouble in freezing weather, and are 
at any time likely to cause complaints from 
customers because of low Btu values. One 
reports trouble as low as 3 pct total 
moisture. 
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Surface moistures above 4}4 to 5 pct in 
3¢ in. X o sizes will generally cause serious 
trouble, (1) in screening, dedusting, pneu- 
matic cleaning, and so forth in the prepara- 
tion plant, and (2) in consumers’ handling 
facilities. 


Critical Moisture 


Surface moistures increasing with de- 
creasing size above 3¢ in. can be handled 
successfully up to what might be called the 
critical moisture. This “‘critical moisture” 
may be defined as the surface moisture at 
which the coal begins to wet dry surfaces 
with which it comes in contact. The little 
data available indicate that the critical 
surface moisture in —48-mesh and smaller 
sizes may be as high as 15 pct or even more. 

Important reductions in the surface 
moisture variability of slack coals can be 
made by putting them through a blending 
or mixing bin. Even a comparatively small 
surge bin materially improves the moisture 
uniformity of the feed to pneumatic equip- 
ment and to fine coal screens. 


Additional Data Needed 


It is believed that additional information 
on the following points will be helpful to the 
industry in planning dust control to 
achieve maximum dust prevention without 
making the coal sticky: 

1. Sources of dust: Weight percentage 
and size consist of dusts made by drilling, 
cutting, breaking, loading, miscellaneous 
handling and transfers, and by crushing. 

2. More data on the wettability of differ- 
ent coals, which is known to vary widely. 

3. Data as to use and efficiency of wet- 
ting agents. 

4. Data as to the critical surface mois- 
ture in the 3¢-in. X o and smaller sizes, 
and particularly in the dust sizes, 20-mesh 
and smaller, in coals from different mines 
and of different classifications. 20-mesh X o 
coal with zero surface moisture may be able 
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to take 10 +pct surface moisture before 
reaching the critical or sticky stage. 

With skill in the planning and operation 
of a water spray system, with wetting agent 
where needed, it is believed that coal dust 
can be controlled within reasonable limits, 
and at the same time the serious difficulties 
of handling wet coal, can be avoided in 
many cases. 
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The Thermal Drying Of Fine Coal 


By Orvitte R. Lyons,* Juntor MemBER, AND A. C. R1cHARDSON,* MEMBER AIME 


(New York Meeting, February 1948) 


Durinc the past few years there has 
been a growing demand by coal operators 
for detailed information about the per- 
formance characteristics of the various 
dryers now being manufactured, preferably 
in such a form that the information could 
be used to determine the type of dryer best 
suited to a particular drying problem. A 
few operators have been desirous of going 
even further, because they are of the 
opinion that present-day dryers are not 
properly designed and that fundamental 
studies of dryer design should be undertaken. 

This growing demand for a method of 
dryer evaluation and the indicated need 
for fundamental research resulted in the 
sponsorship by Bituminous Coal Research, 
Inc. of a project at Battelle Memorial 
Institute to investigate the thermal drying 
of coal. 

In investigating this problem, the most 
feasible method of attack appeared to be a 
survey of active operations to determine 
the present status of the thermal drying of 
coal. Data were obtained, usually by actual 
plant tests with the cooperation of the 
various preparation engineers and their 
staffs, for 9 screen-type dryers, 8 rotary- 
type dryers, 3 continuous-pallet-type dry- 
ers, 2 flash-type dryers, 1 tray-type dryer, 
and 1 cascade-type dryer. The testing 
program provided: (1) data for 24 coal- 
drying operations, (2) information about 
the inherent characteristics of the coals 


Manuscript received at the office of the 
Institute January 19, 1948. Issued as TP 2399 
in CoaL TECHNOLOGY, August 1948. 

* Battelle Memorial Institute, 


Columbus, 
Ohio. 


dried, (3) information about the previous 
treatment that-the coal had received, and 
(4) information about operating costs. 

The data obtained through the dryer 
survey and relationships determined from 
the data make it evident that all of the 
types of dryers included in the survey can 
be operated with the same degree of effec- 
tiveness if each type of dryer is used to 
dry the sizes of coal for which it is best 
suited. It should be noted that it is usually 
undesirable and often impossible to dry 
different sizes of coal in one type of dryer. 
By use of the data in the report, any pros- 
pective dryer user, having determined the 
surface moisture percentage and screen- 
size analysis of the coal to be dried, the tons 
of water to be removed per hour, and the 
final surface moisture percentage desired, 
should be able to determine with a fair 
degree of accuracy: (1) the difficulty of the 
drying problem, (2) the approximate cost of 
drying, (3) the required dryer inlet gas 
temperature and volume and exhaust gas 
temperature and volume, (4) the type of 
dryer to use, and (5) the size of dryer 
required. 

The method of testing the dryers and 
determining the difficulty of drying can be 
used by operators already having dryers to 
check the performance of their particular 
dryer and determine whether they are 
operating effectively. 

Considerably more information was ob- 
tained from the survey of thermal drying 
than was anticipated when the survey was 
first considered. However, a great deal of 
work still remains to be done in the field 
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and in the laboratory before a complete 
answer can be provided to all questions 
concerning the thermal drying of coal. 


THE SURVEY PROCEDURE 


Attempts to make even a simple evalua- 
tion of dryer performance on the basis of 
data published in the literature failed 
because the data were incomplete. It 
seemed evident that an evaluation of dryer 
performance, and especially attempts to 
compare one type of dryer with another, 
would require very complete and reliable 
data. It was decided, therefore, to obtain 
data for every portion of the drying plant 
as accurately as possible, even if the data 
appeared valueless at the time. The ‘‘Sug- 
gested Recommended Practice for Testing 
Drying Equipment,” issued by the ASME 
in 1933, was used as a guide and additions 
were made, such as screen-sizing data, that 
appeared especially desirable in coal-drying 
analyses. 

The dryer operators supplied general 
information about each particular dryer 
and the coal being treated. Moisture con- 
tents of the wet and dried coals were de- 
termined by taking 30- to 50-lb samples 
at half-hour intervals during a day’s run, 
determining total moisture for each sample, 
and calculating an average value. The 
same samples were then used for screen- 
analysis purposes. 

Capacity of the dryer was determined 
_ whenever possible by timing the loading 


of railroad cars and obtaining weights for 


the timed cars. In some cases it was neces- 
sary to stop belts and conveyors periodi- 
cally and weigh the material contained on 
a measured number of feet of belt or cer- 
tain number of flights. Then, by determin- 
ing belt speed, tonnages could be calculated. 
In other cases chutes were inserted and the 
dryer product was weighed. In every case 
at least three weights were obtained in each 
series. 

Furnace and dryer temperatures were 
determined by means of a portable, direct- 


4II 


reading potentiometer, which was recali- 
brated at weekly intervals to insure 
accuracy. Gas volumes were determined by 
two methods, Pitot tube and COz deter- 
minations. The CO, determinations plus 
knowledge of the total carbon content of 
the coal burned in the furnace and the 
number of pounds of coal burned per hour 
allowed calculation of gas volumes with 
greater accuracy than the Pitot tube 
method. 

At the majority of the plants the coal 
burned per hour in the furnace was deter- 
mined in cubic feet per hour by measuring 
the feed-bin cross section and the pull-down 
per unit of time, and then converted to 
pounds by determining the weight of a 
cubic foot of the furnace feed. The furnace 
feed was sampled for proximate analysis, 
total carbon, and Btu determinations at 
each of the plants tested. 

Power requirements were determined by 
having the plant electrician determine the 
amperage and voltage requirements of each 
piece of equipment in the drying plant 
while in operation. 

Operating cost was the hardest item to 
obtain since it had to be taken from the 
operator’s records, and in many cases the 
method of keeping the records was such 
that drying costs could not be determined. 


EVALUATION OF THE FIELD SURVEY DATA 


Completion of the field tests on operating 
dryers and tabulation of the data obtained 
achieved the immediate objectives of the 
survey, but mere possession of the data did 
not accomplish the ultimate objectives of 
a better understanding of dryer operation, 
a method for comparing one drying opera- 
tion with another, and improvements in 
dryer operation and design. While it was 
evident that the field survey provided a 
fund of data on coal drying never before 
available, it was also apparent that the 


data needed careful study in order to 


determine whether they could be used to 
accomplish the ultimate objectives. 
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The Factors Affecting Dryer Performance and 
Drying Costs 


Table 1 contains the basic data obtained 
for the 24 dryers included in the survey 
and also contains the most complete data 
available in the literature for installations 
drying either coal or other materials.!.?..4 
After careful consideration of the data con- 
tained in Table 1, it was decided that cer- 
tain items appeared to be related to dryer 
performance, others appeared to be related 
to drying costs, and others had no connec- 
tion with either dryer performance or 
drying costs. 

The factors considered as affecting dry- 
ing rate or dryer performance were: (1) the 
surface moisture percentage of the wet 
coal, (2) the surface moisture percentage 
of the dried coal, (3) the weight of inlet 
gases, (4) the temperature of the inlet 
gases, (5) the temperature of the exhaust 
gases, and (6) the average particle size of 
the coal being dried. Surface moisture was 
considered to be critical, rather than total 
moisture, because at the majority of 
drying plants it was considered unnecessary 
to dry the coal to a moisture content lower 
than the seam or surface moisture content 
of the coal as mined. 

The factors considered as affecting the 


cost of drying were: (1) power requirements 


per unit of water removed, (2) heat input 
per unit of water removed, (3) total amount 
of water removed -or the capacity of the 
drying installation, (4) man-hours of labor 
required per ynit of water removed, and 
(5) maintenance requirements. Items 4 and 
5 were not included in Table 1, because 
labor requirements per unit of water 
removed were nearly equivalent for the 
majority of the dryers tested and main- 
tenance requirements could not be deter- 
mined by means of a short testing period. 
To check the truth of the assumptions 
that certain factors affect dryer perform- 
ance and other factors affect the cost of 


1 References are at the end of the paper, 
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drying, it was necessary to correlate each 
group of factors with a valid reference 
value. In the past, the reference value 
usually used for comparing dryers on the 
basis of effectiveness has been the thermal 
efficiency of the operation, where thermal 
efficiency is the ratio, expressed in per cent, 
of the heat required to evaporate a unit 


weight of water to the heat input per unit — 


weight of water for the given dryer. How- 
ever, attempts to analyze the dryers by 
means of thermal balances indicated that 
calculated thermal efficiencies were in error 
by as much as 25 pct and that, therefore, 
thermal efficiency was not a good reference 
value. Further, to complicate the problem, 
the amount of water removed by evapora- 
tion could only be approximated for the 


majority of the screen-type dryers tested — 


because considerable water was also re- 
moved by drainage. Finally it was deter- 
mined that the use of the total Btu input 
to the furnace per unit of water removed, 
rather than the water evaporated, in the 
dryer provided a correlative value for the 
majority of the factors thought to influence 
dryer effectiveness. 

The heat input per ton of water removed 
depends upon the accuracy of the methods 
used to determine the amount of coal 


burned, the heat value of the coal burned, © 


the tonnage of coal being dried, and the 
moisture determinations on the wet and 
dried coals. While extreme accuracy cannot 
be claimed for all of these items, it was 
believed that the methods of sampling and 
analysis were sufficiently accurate to allow 
the use of the heat input per ton of water 
removed as a reference value. 

Apparently the 
method of operation of screen- and 
continuous-pallet-type dryers is such that 
any advantage gained by removal of 
water by drainage is lost by increased 
radiation and unaccounted-for losses. 

The actual operating cost of drying in 
dollars per unit of water Yemoved was con- 
sidered to be a sufficient reference value 


inherent design or 
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for the factors thought to influence drying 
costs. 

In Fig 1-6 the data contained in Table 1 
for the various factors thought to influence 


© roy F<) rs 


SURFACE MOISTURE CONTENT OF WET COAL, PER CENT 
o 


’ dryer effectiveness are plotted against heat 
input per ton of water removed for the 
corresponding dryer. Fig 1 also represents 
the data presented in Table 2 which has 
been abstracted with some modifications 
from a Table in Kent’s Mechanical Eng- 
ineering Handbook, 11th Ed., sec. 3, p. 51, 
N. Y., 1936, John Wiley and Sons. 

A considerable degree of correlation 
exists between the majority of the various 
factors and the heat input per ton of water 
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removed. The data obtained from the 
survey agree fairly well with the data 


obtained from Kent’s Handbook. Fig 1, 


2, 3, 5, and 6 reveal expected results, while 


6 8 
HEAT INPUT PER TON OF WATER REMOVED , MILLIONS OF Btu 
Fic 1—RELATION OF SURFACE-MOISTURE CONTENT OF WET COAL TO HEAT REQUIREMENTS. 


10 12 


Fig 4 reveals that-inlet gas temperatures 
alone have very little influence on dryer 
effectiveness. 


Only a rough correlation exists between 


a 


the factors thought to influence drying | 


costs when plotted against their respective 


drying costs. Both power consumption and 
heat input show considerable variation — 


from straight-line relationship with their 


respective costs. Fig 7 reveals that the 


operating cost of drying per ton of water re- 


ve 
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moved varies with the amount of water 


"removed, decreasing as the tons of water re- 


moved increase, until a critical point is 
reached in the range of 6 to 8 tons of water 
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removed per hr. Removing more water or 
increasing the size of the unit, once the 
critical point has been reached, apparently 
will no longer result in a decrease in cost. 


HEAT REQUIRED TO EVAPORATE 
ONE TON OF WATER 


+5 


+4 


+3 


+2 
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SURFACE MOISTURE CONTENT OF DRIED COAL, PER CENT 


HEAT INPUT PER TON OF WATER REMOVED, MILLIONS OF Btu 
F1iG 2—RELATION OF SURFACE-MOISTURE CONTENT OF DRIED COAL TO HEAT REQUIREMENTS. 


TABLE 2—Water Evaporated and Heat Re- 


quired for Drying* 
Moisture Lb Water Btu Required for Drying 
>) ing: ; Evaporated 
AAR ibe ad Kes pe per toe ee Ton of 
i y of Coa ater 
Dried, Pct] _ Material Dried Eyacccated 
I 20.2 85,624 8,477,000 
3 61.9 130,424 4,214,000 
5 105.3 180,930 3,436,600 
7 150.5 231,560 3,077,200 
9 197.8 284,536 2,877,000 
II 247.2 339,864 2,749,700 
13 7208.0 397,768 2,661,500 
15 re 352-9 458,248 | 2,597,040 
17 409.6 521,752 2,547,000 


* Kent’s Mech. Eng. Handbook, 11th Ed., Sec. 3, 
p. 51, N. Y., 1936, John Wiley and Sons. 


The correlations obtained between the 
assumed effectiveness and cost factors and 
their respective reference values, even 
though not exact, are of value because they’ 
substantiate the correctness of the assump- 
tions and also provide information con- 
cerning the exact effect of each of the 
various factors. The correlations, however, 
do not provide a ready method for com- 
paring one dryer with another. 


Comparing Dryers on the Basis of 
Effectiveness 


Considerable time was devoted, without 
much success, to attempts to compare 


416 


dryers by means of rating scales based on 
the five factors affecting dryer perform- 
ance. Then it was decided to approach the 
problem from the point of view of a coal 
operator having a drying problem but not 


LBS. PER TON OF WATER REMOVED 


INLET GAS, 


WEIGHT OF 


ie | 


- 
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tons of moisture to be removed per hour. 
This information is all that would be 
readily available and it then must be used 
to determine the type and size of dryer 
needed and the cost of drying. 


HEAT INPUT PER TON OF WATER REMOVED, MILLIONS OF Btu 
Fic 3—RELATION OF INLET GAS WEIGHT TO HEAT REQUIREMENTS. 


having a dryer. This hypothetical coal 
“operator would know or could readily 
determine certain facts about his drying 
problem. Relatively simple tests could be 
used to determine (1) seam and total 
moisture percentages and, by difference, the 
surface moisture content of the proposed 
wet feed, (2) the tonnage of wet feed to be 
dried per hour, and (3) the screen analysis 
of the coal to be dried. Then the operator 
could arbitrarily set the final surface 
moisture content desired, based on market 
requirements, and could calculate the total 


By this method, three of the factors 
previously found to influence dryer effec- 
tiveness are immediately available. These 
are the surface moisture content of the wet 


coal, the surface moisture content of the > 


dried coal, and the average particle size of 
the coal to be dried. Assuming that they 
are the only factors necessary in determin- 
ing dryer effectiveness, since the other 
factors can only be determined by means of 


tests on operating dryers, it should be 
possible to correlate them as a unit with the | 


heat input required per ton of water 


ll ta tls AIO gee oe. a 
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removed. Because the three factors repre- 
sent two different dimensions, it is not 
possible to add them together, but it is 
possible to multiply them and thus to 


1500; 


Aly 


spect to the positive final surface moisture 
values, prior to using them in any multipli- 
cation procedure. One method that ap- 
peared usable was that of adding to the 


HEAT REQUIRED TO EVAPORATE 
ONE TON OF WATER 
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obtain a numerical factor which should be 
proportional to the difficulty of the drying 
problem, if the primary assumption is 
correct. 

The final surface moisture percentages 
for a number of the dryers tested were 
negative values; that is, the coal was dried 
to a point below its seam moisture content, 
and hence it was necessary to change these 


_ negative values to positive ones, without 


changing their relative position with re- 


final surface moisture. figures any value 
sufficiently large to provide positive sums 
and then dividing these sums by the 
same value. This method would provide 
positive numbers without changing the 
relationships already existing. It was de- 
cided to use 40 as the value since its use 
would result in a positive number, even 
if lignites were being included in the cal- 
culations. For example, with Dryer 1 the 
sum of 40 is added to —o.8 to provide 39.2 
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HEAT REQUIRED TO EVAPORATE 
"ONE TON OF WATER 
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HEAT INPUT PER TON OF WATER REMOVED, MILLIONS OF Btu 
Fic 5—RELATION OF EXHAUST GAS TEMPERATURE TO HEAT REQUIREMENTS. 


0.8 


0.7 


° 
a 


0.3 


AVERAGE SIZE OF FEED PARTICLES, INCH 
° 
DS) 


° 
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Fic 6—RELATION OF PARTICLE SIZE TO HEAT REQUIREMENTS. 
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which in turn is divided by 40, resulting in 
a final product of 0.98. 

Table 3 contains data for the dried coal 
surface moisture factor, based on 40, and 


WEIGHT OF WATER REMOVED PER HOUR PER DRYING INSTALLATION, TONS 


419 


0.065 in. to a final surface moisture of zero 
pct would be considered difficult. 

The numerical ease of drying is obtained 
by multiplying the surface moisture content 


OPERATING COST OF DRYING PER TON OF WATER REMOVED, 


DOLLARS 


Fic 7—RELATION BETWEEN AMOUNT OF WATER REMOVED AND COST OF DRYING. 


also contains the product of the three 
available effectiveness factors. This product 
has been called the numerical ease of 
drying. The following examples are pro- 
vided to clarify the method used in deter- 
mining the numerical ease of drying: 
Example 1: A difficult drying problem 
would be one in which a fine coal is being 
treated to remove all of the surface mois- 
ture present in the coal. For example, to 
dry a wet coal having an initial surface 
moisture of 10 pct and an average size of 


of the wet coal, or 10 pct by the surface 
moisture factor for the dried coal, or 
ore which is equal to 1, by the average 
size of the coal, or 0.065 in. 

Then the numerical ease of drying 
= (10) (22) (065) = 
= (10) ( es (0.065) = 0.65 
- Example 2: A relatively easy drying 
problem would be one in which a coarse 
coal is being treated to remove only a part 
of the surface moisture. For example, to dry 
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a wet coal having a surface moisture con- 
tent of 8 pct and an average size of 0.45 in. 
to a final surface moisture of 4 pct would 
not be considered difficult. 
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fault of design or construction, were 


esque 


operated with intermittent feed conditions — 


and, even though the furnaces were oper- 
ated so as just to maintain a fire during 


TABLE 3—Dryer Evaluation Data 


Dried Coal 


(Numer- 
Surface ical Ease 
bbwture eth peg ooets of Drying) 
actor, . nle as o Dryer . = 
Plant Surface Numerical Weight, Per Min. wees a ee a Be 
No. | Type of Dryer | Moisture | Bas¢ of | Lb Per (W) gr gant. | eka 
Pct Plus Tyan Plant (t1 — t2) a a argh 
40 Di- (0.24) Per Instal- 
vided By lation) 
AiR (OM ced) See Sd eek} em ome} ee Pe Ree el 
I Rotary oO. 1.41 1190 211,000 1130 6.1 
2 Screen oO. 1.89 2330 390,000 301 15.6 
3 Flash oO. 1.08. 472 2.8 
4 Rotary Zt; 3.24 1560 264,000 965 14.5 
5 Rotary Z. 2.91 1160 190,000 965 10.4 
6 Screen I. 3.62 1850 267,000 182 23.3 
7 creen z. 4.04 120 22.8 
8 Rotary I. 2.28 9045 196,000 1760 10.0 
9 Rotary I. 1.54 1220 311,000 1760 10.8 
10 Revolving tray I. 2.31 3690 695,000 3I.0) 
Ir otary Es 1.86 5210 23.7 
12 Screen Tt 4.16 5050 972,000 377 46.7 
13 Screen ra 2.34 1420 255,000 126 2.9 
14 Screen 5 as 3.83 700 116,000 126 15.4 
15 Rotary Tc 2.17 1960 492,000 4190 31.4 
16 Screen T: 3-32 5000 695,000 341 41.3 
17 Screen I. 3.02 1570 293,000 346 25.9 
18 Rotary oE'. 1.20 870 168,000 1865 3.4 
19 Cont. pallet I. 3.56 530 90,000 8.5 
20 Cont. pallet a de 2.23 1005 153,000 9.0 
21 Cont. pallet 1: 1.78 1075 162,000 9.4 
22 Cascade rT. 2.82 670 98,000 8.0 
23 Screen Te 1.74 2530 300,000 240 3.9 
24 Flash te 0.50 1680 242,000 236 1.2 
The numerical ease of drying = (8) the no-feed periods, the periods were so 


(2*4) (45) = 3.06 


By this method of calculation, the more 
difficult the drying problem, the smaller is 
the value for the numerical ease of drying. 

Fig 8 shows the calculated numerical 
ease of drying for the various dryers plotted 
against the effectiveness reference value, 
heat input per ton of water removed. It 
seems apparent from a study of Fig 8 that 
there is a definite, good correlation between 
the numerical ease of drying and the heat 
input per unit of water removed. 


Data for dryers 4, 5, 13, and 23 failed to: 


agree with the data for the other dryers and 
a study of the test data and notes taken 
during the tests furnished the following 
explanations. Dryers 4 and 5, through no 


numerous that the heat input per ton of 
water removed was higher than it would 
have been with a more continuous opera- 
tion. Dryer 13 had its by-pass stack damper 
so badly rusted that, for practical purposes, 
the damper was nonexistent, and as a 
result, approximately one-half of the heat 
input to the system was wasted. Dryer 23 
had exceedingly low inlet and exhaust gas 
temperatures and it is possible that the 
initial low evaporative effect plus recon- 
densation of moisture might be in part 
responsible for the high heat input per unit 
of water removed. Another factor that 
deserves consideration is the low initial 
surface moisture content of the feed mate- 
rial. As shown by the data in Table 2, the 
heat input required per unit of moisture 
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removed increases rapidly as the moisture 
content decreases. Since it was not practical 
to spend much time investigating the seem- 
ingly poor performance of dryer 23, the 


NUMERICAL EASE OF DRYING 
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dried products having identical surface 
moisture contents. Evidently dryers must 
be compared with a theoretical or em- 
pirical 100 pct effectiveness based on the 


8 10 12 


HEAT INPUT PER TON OF WATER REMOVED, MILLIONS 


OF Btu 


Fic 8—RELATION BETWEEN vise OF DRYING AND HEAT eateries 


exact reason, or reasons, for the high heat 
input per unit of water removed | were not 
determined. 

A study of Fig 8 definitely indicates that 
dryers cannot be compared directly with 
one another unless the dryers being com- 
pared are handling identical feeds insofar 
as surface moisture content, size consist, 
and tonnages are concerned, and produce 


difficulty of the drying ie Te In an 
instance, making some allowance for possi- 
ble unavoidable errors in the data, dryers 
providing data that plot close to the curve 
shown in Fig 8 are considered to be operat- 
ing efficiently, while dryers that do not. 
plot close to the curve are: operating 
inefficiently, and it appears evident that 
all of the types of dryers included in the 
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survey can be operated with the same 
degree of effectiveness. 
Predetermining the Cost of Drying 


Having determined the difficulty of the 
drying problem, our hypothetical coal 


(NUMERICAL EASE) (TONS OF WATER REMOVED PER INSTALLATION) 
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the basis of the information available to a 
prospective dryer user. A relation is now 
required between these two established 
factors and the operating cost. 

Fig 9 shows the relation between the 
product of the numerical ease of drying and 


OPERATING COST OF DRYING PER TON OF WATER REMOVED, 


DOLLARS 


Fic 9—RELATION BETWEEN COST FACTORS AND COST OF DRYING. 


operator can estimate within fairly reason- 
able limits the heat input required per ton 
of water to be removed. Having already 
calculated the total tons of water to be 
removed per hour, he now possesses infor- 
mation about two of the factors affecting 
cost. The other factors, power consumption, 
labor, and maintenance requirements were 
assumed to be the same for all operations, 
on the original assumption that it must be 
possible to predetermine drying costs on 


the tons of water to be removed per hour to 
the operating cost of drying in dollars per 
ton of water removed. The data for these 
two values are taken from Tables 3 and 1, 
respectively. This graph is very similar to 
that contained in Fig 7, but shows a greater 
degree of correlation and therefore is more 
usable. 

Now our hypothetical coal operator can 
determine, with at least some degree of 
accuracy, the operating cost of drying his 


AM MOOR, PRN 


a 


ORVILLE R. LYONS AND A. C. RICHARDSON 


coal based on its drying difficulty and the 
tons of water to be removed. 


Predetermining Dryer Conditions 


While attempting to set up a standard 
for dryer effectiveness, several correlations 


+6 
5 Ae) 


+4 


PER CENT 
am 
ol 


a 
fae) 


pre 


SURFACE MOISTURE IN DRIED COAL, 
| 


“eA 


100 
EXHAUST GAS TEMPERATURE, F 


Fig 10—RELATION BETWEEN SURFACE-MOISTURE CONTENT OF DRIED COAL AND EXHAUST GAS 
TEMPERATURE, 


were discovered which were of interest, but 
had no immediate application. One of 
these was an apparent straight-line correla- 
tion between the surface moisture content 
of the dried coal and the exhaust gas 
temperature as shown in Fig ro. Another 
one was a correlation between the tons of 
water removed per unit of time per dryer 
installation and the heat input to the dryer 


calculated by multiplying the inlet gas 


weight per unit of time by the difference 
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between the inlet and exhaust gas tem- 
peratures and by the specific heat of the 
gases as shown in Fig 11. The first relation- 
ship is not well known, or at least has 
never been discussed in the literature, 
while the elements of the second one are 


commonly known. The data for these 
relationships are taken from Table 3. 

Our hypothetical coal operator, in setting 
the final surface moisture desired in the 
dried coal, also evidently set the exhaust 
gas temperature that must be maintained. 
It should be noted that it may not be 
desirable to maintain so high an exhaust 


“gas temperature as shown necessary to 


obtain the desired moisture reduction 
without making provision for a cooling 
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section to prevent later ignition of the 
coal. 

Then, knowing the tons of water to be 
removed and the exhaust gas temperature, 


WEIGHT OF WATER REMOVED PER HOUR PER INSTALLATION, TONS 
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0.6 


gas volume can be calculated knowing the 
inlet gas weight and the inlet and exhaust 
gas temperatures. Fig 12 contains graphi- 
cally the information necessary for con- 


os 1,0 l2 . 


CALCULATED HEAT INPUT TODRYER PER MINUTE, 


MILLIONS OF Btu (INLET GAS WEIGHT, L B/MIN T,-T,.X024) 
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Fic 11—RELATION BETWEEN TONS OF WATER REMOVED AND HEAT INPUT TO DRYER. 


and arbitrarily setting the inlet gas tem- 
perature around goo°F, since contact with 
the wet coal will immediately reduce the 
gas temperature, thus protecting exposed 
metal surfaces while the furnace can usually 
stand temperatures in the range of 800 to 
1100°F without excessive maintenance 
costs, the weight of gas required can be 
calculated. By this method the exhaust 
gas temperature, inlet gas temperature, 
and inlet gas weight can be determined. 
The weights of the inlet and exhaust gases 
are the same in any air-tight system and 


should not differ greatly in a well con- 


structed and well-maintained dryer. Hence, 
either the inlet gas volume or the exhaust 


- 


verting gas weights to gas volumes at any 
given temperature. Dryer operation will be 
controlled by the exhaust gas temperature 
and the size and speed of the hot gas or 
exhaust gas fan. 


Once the dryer and furnace setup have ~ 


been designed to comply with any given 
set of dryer conditions it is difficult to 
increase the load on the system while it is 
relatively easy to operate at a lighter load. 
This fact should be given careful considera- 
tion because it is quite common in coal 
preparation practice for the load on exist- 
ing equipment to be suddenly increased, 
sometimes as much as roo pct or more. 
Slight increases can be taken care of by 
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increasing furnace temperature and thereby 
the inlet gas temperature, or by speeding up 
the fan to increase the gas flow. Large 
increases in load on the dryer are bound to 


1600 


TEMPERATURE , F 
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used to dry that particular size. It is readily 
apparent that the three main types of 
dryers are being used on definite size 
ranges which show little tendency to 


DENSITY OF DRY AIR, POUNDS PER CUBIC FOOT 
Fic 12—RELATION BETWEEN TEMPERATURE AND DENSITY OF DRY AIR. 


produce an unsatisfactory product. A 
lightened load is easily taken in stride 
because as the load drops off the exhaust 
gas temperature will tend to rise, and 
either automatic or manually operated 
controls can be utilized to reduce the 
stoker feed rate to the furnace and thus 
reduce the total heat input. 


of Predetermining the Type and Size of Dryer 


Our hypothetical coal operator, now 
quite well supplied with information about 
dryers, is still desirous of determining the 


type and size of dryer required for his 


particular drying problem. Fig 13 shows 
the average particle size of the feed material 
in inches plotted against the type of dryer 


overlap. The miscellaneous types of dryers 
have the same range as the rotary dryers 
and therefore could be used in their place. 
The choice between a rotary-type dryer 
and a cascade-, tray-, or continuous-pallet- 
type dryer will depend upon the initial cost 
of the equipment and the operating eco- 
nomics possible with the particular equip- 
ment. 

The size of dryer required can be deter- 
mined from Fig 14 and 15, for screen and 
rotary dryers only, by knowing the tons of 
water to be removed per hour and deter- 
mining the required area from the proper 
graphs. In Fig 14 the area is in sq ft of 
screen and can be used directly, while in 


- Fig 15 the area is cylinder area and must 
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be converted to diameter and length 
dimensions by selecting any desired diam- 
eter between 7.5 and 12 ft, using o.5-ft 
increments, and then calculating the 


INCH 


AVERAGE SIZE OF FEED PARTICLES , 
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dryer survey data, should be able to deter- : 


mine, with a fair degree of accuracy: 
1. The difficulty of the drying. problem. 
2. The approximate cost of drying in dol- 


SCREEN MISCELLANEOUS 


TYPE OF DRYER 
Fic 13— RELATION BETWEEN SIZE OF PARTICLE AND TYPE OF DRYER. 


necessary length. It should be noted that 
these figures represent average values and 
that the individual points show consider- 
able variance from the average and, there- 
fore, the relationships are not exact. 
However, they do provide a rough method 
for determining the size of dryer required. 
Insufficient data were obtained, owing 
either to a lack of installations or to 
inability to test existing installations, to 
provide similar correlations for the other 
types of dryers. 


CONCLUSIONS 


_Any prospective dryer user, by means of 
afew simple tests on his particular coal, 
using the relationships determined from the 


lars per ton of water removed. This is based 
on the assumption that the operation will 
be an efficient one. 3. The required exhaust 
gas temperature as determined by the final 
surface moisture content of the dried coal 
4. The inlet gas temperature. 5. The inlet 
or exhaust gas weight and volume. 6. The 
type of dryer to use. 7. The size of dryer 
required if either screen or rotary dryers 
are to be used. : 

The method of testing the dryers and the 
numerical ease of drying can be used by 


operators already possessing dryers to ~ 


check the performance of their particular 
dryers and determine whether they are 
operating effectively, 
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The survey data indicate that: 

1. Thermal efficiency, based on the ratio 
of the heat required to evaporate a unit 
weight of water to the heat input per unit 
weight of water removed by evaporation 
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the same degree of effectiveness if each 
type of dryer is used to dry the sizes of coal 
for which it is best suited and the difficulty 
of the drying problem is. given proper 
consideration. 


400 500 600 


AREA OF SGREEN - TYPE ORYERS, SQUARE FEET 
Fic 14—-RELATION BETWEEN TONS OF WATER REMOVED AND SCREEN AREA. 


in a given dryer, was found not to be a 
significant and useful value. Thermal 
efficiency does not take into account the 
numerous other important variables in- 
volved in any drying problem. Further- 
more, accurate determination of the 
thermal efficiency is extremely difficult in 
field tests of many dryers. 

2. The total heat input to the furnace 
per unit weight of water removed in the 
dryer was found to correlate with most of 
the factors thought to influence dryer 
effectiveness, and apparently is a usable 
indicator of dryer effectiveness. 

3. All of the types of dryers included in 
the survey evidently can be operated with 


4. Screen-type dryers are being used to 
dry the coarser sizes of coal treated. Inclu- 
sion of very fine coal in the feed results in 
blinding of the screen and an unsatisfactory 
operation. 

s. Rotary-, tray-, cascade-, and continu- 
ous-pallet-type dryers are being used to dry 
the intermediate sizes of coal. Hebe 

6. The flash dryer is the only dryer now 
being used to dry very fine coal. 

7. The operating cost of drying ranges 
from $0.08 to $0.18 per ton of dried coal 
produced, with the majority of the dryers 
having costs of approximately $0.10 per 
ton. 

8. The operating cost of drying ranges 
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from $1.00 to $3.50 per ton of water re- 
moved, with the majority of the dryers 
having costs of approximately $1.50 per 
ton of water removed. 


WEIGHT OF WATER REMOVED PER HOUR PER INSTALLATION, TONS 
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1o. Maintenance is a major item repre- — 
senting from one-third to one-half of the — 
total operating cost of drying. Maintenance — 
costs in many cases could be reduced by: — 


CYLINDER AREA FOR ROTARY-TYPE ORYER, SQUARE 
FEET 


Fic 15—RELATION BETWEEN TONS OF WATER REMOVED AND CYLINDER AREA. 


9. Capital charges, based on the cost of 
the dryer furnace, the dryer, the necessary 
ductwork, exhaust fan, and exhaust stack, 
for a plant having a one-shift operation for 
200 days each year, and assuming that the 
plant will be completely depreciated in 10 
years, range from $0.04 to $0.18 per ton 
of dried coal produced, or $0.44 to $1.85 per 
ton of water removed. The cost of con- 
veyors, buildings, and auxiliary equipment 
such as centrifuges is not included in the 
above figures. These may, and often do, 
exceed the cost of thermal drying equip- 
ment and will increase the capital cost 
accordingly. 


a. Coating exhaust ducts, fan housings, and 
exhaust stacks to prevent corrosion. b. 
Use of corrosion and fly-ash-resistant fan 
impellers. c. Use of stainless steel for ex- 
posed steel surfaces, such as screens in a 
screen-type dryer. d. Adequate controls to 
prevent overheating of furnaces and dryer 
inlet ducts. e. A well-planned maintenance 
program. 

11. Dryer performance could be im- 
proved in many instances by: a. Eliminat- 
ing heat losses due to air infiltration. b. 
Operating the dryer at a steady rate. c. 
Making periodic check tests to determine 
dryer effectiveness. d. Checking control 
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instruments at regular intervals. e. Having 
an intelligent dryer operator. 

12. Future work should include Jabora- 
tory, pilot-plant scale experiments to 
check the evaluation procedures developed 
from the dryer survey, to determine the 
exact effect of the factors influencing 
dryer effectiveness, and to determine the 
reasons for the empirical relationships 
developed from the dryer survey data. 
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DISCUSSION 


(D. H. Davis and T. W. Guy presiding) 


E. R. Kartser*—The survey by Messrs. 
Lyons and Richardson was sponsored by Bi- 
tuminous Coal Research, Inc., to give the coal 
industry and others a factual report of the latest 
commercial practice in the art of drying coal. 
The authors have accomplished the objective 
insofar as it was reasonably possible to do so 
and the final report will be published. 

The report gives a prospective dryer user the 
information he would need in making an 
appraisal of the technical factors and economic 
possibilities of an installation at his mine. The 
costs given are general, but each particular 
prospective installation can be estimated from 
cost data furnished currently by the manu- 
facturers of dryers and auxiliaries and from 
general contractors who would make the 
installation. 

The authors do not reach a final conclusion 
on overall costs but give operating costs and 
capital charges, the latter not fully complete. 
However, combining the figures they have 
given, which may bé low as the capital costs are 
not complete, the total cost of drying coal in 
the plants surveyed ranges between 12 and 
30.5 cents a ton of dried product. The total cost 
of removing water ranges from $1.60 to $5.38 
a ton of water. 

Assuming an installation in which 16 tons of 
wet coal are dried to 15 tons of dried coal, a 
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* Assistant Director of Research, Bituminous 
Coal Research, Inc. 
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loss of 13334 lb per ton of dried coal, the pur- 
chaser of the coal would derive an economic 
benefit for which he should be willing to pay 
more for the dry coal per ton than he would 
originally for the wet coal. The benefit to the 
user would be: (1) A saving of freight on the 
water which would equal 16.7 cents a ton of 
dried coal, assuming $2.50 a ton freight rate. 
(2) The unloading cost would be reduced, as 
the coal would normally flow more readily from 
the car through the hopper bottoms. In 
freezing weather the saving would amount to 
many dollars if the frozen coal must be “mined” 
out of the car with hand labor. As this is almost 
impossible to evaluate on an average basis, we 
may assume that the wet coal could be treated 
with calcium chloride or rock salt sufficiently to 
prevent freezing. Assuming 15 lb of flake cal- 
cium chloride for freezeproofing one ton of wet 
coal, the cost for materials alone would be 20.1 
cents for the chloride plus, say, 4.9 cents a ton 
for labor. (3) An excess of water in coal reduces 
the thermal efficiency of the steam generator in 
which it is burned. Each pound of water 
evaporated from the coal in the furnace is 
approximately one pound less evaporated in 
the boiler. More precisely, reducing the mois- 
ture content by 6.25 pct in the present example, 
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future remains to be seen. However, producers 
who operate heat dryers should have little 
difficulty in disposing of coal at market prices 
should the demand fall off and strong competi- 
tive conditions return. Of course, we could 
discuss this part of the problem much longer 
than time will permit. 

The paper under discussion shows that con- 
siderable information about the technical 
features of dryers, on which improvements 
must be based, are lacking, and furthermore 
that it is difficult to test existing installations 
to determine their performance. Although the 
writer agrees with the authors that thermal 
efficiency does not appear to be significant to 
the user of an existing dryer, yet the whole 
performance hinges on ‘a reasonable efficiency. 
To an engineer interested in dryer performance 
and in improving the performance, the thermal 
efficiency and the entire heat balance take on 
considerable significance. Unless the heat 


balance is reasonable, the data are in serious _ 


question. 

The authors have furnished the writer with 
average data for the three types of heat dryers 
tested in the survey based on only those tests 
which show reasonable heat balances. As shown 
in the following tabulation: 


Heat Losses, Per Cent 


Type of Dryer Water 


SOPGOD eh catctt cate sof oasis ieee 


Drainage | Evapora- | Exhaust 
tion G 


Radiation and Calculated 


apes Coal | Unaccounted for Furnace 
(By Diff.) Efficiency 
13.8 18.2 33.4 87.8 
13.4 30.6 160.5 80.0 
16.4 19.2 15.4 _ 82.1 


Rotary st. cucls Seika tk de btaacs 


the saving at the steam generator might well 
amount to approximately 4.5 cents per ton of 
dried coal used. 

Improved fuel bed conditions and better coal 
handling as a result of lower moisture may well 
be worth more than this amount. 

Neglecting other advantages of the lower 
moisture product, the above items alone total 
to 46.2 cents a ton, which is more in the winter 
season than the cost of drying. 

_ The lament of the coal industry in postwar 
years was that the consumer did not seem will- 
ing to pay a fair return to the coal producer 
for,,the improved preparation of product. 
Whether this will continue to be the case in the 


The thermal efficiency is approximately 40 
pct in the above examples as only the heat used 
in evaporating moisture is theoretically useful. 
Roughly 15 pct of the heat is lost in and about 
the furnace before the hot gases reach the 
dryer. The sensible heat gained by the coal 
averaged 25 pct and the exhaust gases carried 
out 15 pct. The balance, 5 pct, may be con- 
sidered radiation and unaccounted-for losses 
from the dryer itself. These values are rough 
and approximate and will probably be subject 
to change when greater refinement in the 
measurement can be justified. 

As the art of drying coal advances, more 
attention will be given to the techniques for 
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testing dryers and for measuring their mechani- 
cal and thermal performance. The dryer de- 
signs appear to be based almost entirely on 
empirical results and much could be learned 
about basic factors in evaporating moisture 
from coal in streams of heated air. It is to be 
hoped that all those who plan to conduct tests 
on coal dryers or to measure basic data will 
keep in touch with the authors or with the 
sponsor that the art may be advanced most 
systematically and with maximum benefit to 
the entire industry. 


M. G. Drirssen*—May I start by con- 
gratulating Mr. Lyons and my friend Mr. 
Richardson for their excellent paper. 

The principles of drying are generally the 
same for all the different apparatus, that is, 
heated air flows along the coal particles, and 
there is a heat transfer from the air to the coal 
or to the water adhering to the coal. 

The heat transfer can be calculated as soon 
as the temperature difference between air and 
coal, the total surface of the coal particles and 
the heat transfer coefficient are known. 
Basically this is the same as the heat transfer 
in a boiler where the flue gases will convey their 
heat to the pipe bundles. 

Osborne Reynolds in 1874 pointed out in a 
paper published by the Literary and Philoso- 
phical Society of Manchester, that heat 
transfer and the resistance or pressure loss of 
the gas are closely related, and this feature 
has been taken up by Professor F. K. Th. 
van Iterson® who shaped the law discovered by 
Reynolds into engineering formulas. He infers 
that the gas when in contact with the solid is 
relative to the solid at rest, and will assume 
the temperature of the solid. Because of the 
turbulent motion these gas molecules are then 
removed from the surface of the solid in little 
curls and eddies and conveyed in the gas flow. 

In this way it is possible to calculate the heat 
transfer from the air friction by the following 
method: 

If the force, which presses the gas or air 
through the many channels between the coal 
particles is called W: 

* Chief, Mining Research Dept., Nether- 
lands State Mines, Limburg, The Netherlands. 

’ F. K. Th. van Iterson: Warmte-overdracht 
van vaste lichamen op turbulent Stroomende 
vloeistoffen (Heat transfer of solids to turbu- 


lent flowing Fluids). De Ingenieur (April 24 
1926). 


We py [1] 


Where p = pressure drop of the gas. 
Ff = cross section of the channels in 
one plane. 


According to the law of momentum this force, 
will be equal to the increase of momentum of 
the mass M which is accelerated per second 


W = Mov 
v = final air velocity. 


The weight of the mass M equalling 


W 

Mg=~ 8 
will be cooled from the average temperature of 
the air to the temperature of the coal particles. 
If ¢ is the temperature decrease of the air and 
Cy the specific heat of the air, the following 
amount of heat units (calories) will be conveyed 
to the coal particles. 


W 
= 8 Cot 


If F is the total surface of the coal particles 
to be dried we find for the heat transfer coeffi- 
cient k’: 
k= wv Gos cal per sec per m? per degrees C 
or inserting Eq 1 and transferring to cal per 


h per m? per degrees C, we find 
k= of ost 3600 cal per sec per m? per degrees C, 
v 


By this simple deduction we find that there 
is a relation between pressure drop of the air, 
because of surface friction, and the heat 
transfer of the air to the coal particles. In 
many cases the pressure drop will be propor- 
tional to v2 or to a power of » somewhat less 
than 2 (for smooth surfaces about 1.7 5). 

Then the heat transfer coefficient will be 
proportional to v or to a power somewhat less 
than 1. In the above mentioned paper Professor 
van Iterson has derived the equation for flow 
through and along pipes, but the same princi- 
ples are valid for a gas flow between coal 
particles, so that in many cases it will be 
sufficient to measure the pressure drop, and to 
derive the heat transfer from the pressure drop 
in the above indicated way: 
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I would like to ask Mr. Lyons if he found this 
relationship between heat transfer coefficient 
and pressure drop in his experiments. 


O. R. Lyons (authors’ reply)—I do not 
believe that the same relationships exist in a 
coal dryer as exist in a boiler. 

In a coal dryer there is a different method of 
heat transfer in that the hot gases must pass 
over and through the coal rather than be 
transferred through a metal wall. The size of 
the coal, the amount of water contained in the 
coal, and the moisture content desired in the 
final product introduce variables not found in a 
boiler and exert considerable influence on the 
method and amount of heat transfer. 

In other words, it is more difficult to transfer 
heat from a gas to a number of solid particles 
if the particles are not being turned to expose 
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new surfaces, if the particles are relatively 
fine rather than coarse, and if the time of 
contact is very short. 

It was difficult at some installations to tell 
whether the coal was being agitated sufficiently 
to turn it over continually or whether it was 
going through the dryer without any change in 
the position of the particles relative to each 
other. Even when it was evident that some 
particles were being turned and exposed, it was 
not possible to determine if every particle was 
being exposed. 

Since this work was intended to be a survey, 
it was not possible to investigate what one 
might call the physical characteristics of the 
individual dryers in any great detail and there- 
fore we did not attempt to determine if 
the relationship mentioned by Dr. Driessen 
actually exists in thermal coal dryers. 
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Recovery of Resin from Utah Coal 


By Ernest KiEepetKo,* Mrmper AIME 
(New York Meeting, March 1947) 


A NOTABLE amount of fossil resin exists 
in many of the bituminous coal beds of 
Utah. The upper part of these show a 
marked concentration of resin, which 
occurs primarily in the fracture seams. 


In general, these seams are less than 


1g in. thick, but it is not uncommon 
to find coal with areas as thick as 3¢ 
in. 

The resin is of the hard kauri variety, 
with coloration varying from deep blood 
red to lemon yellow and almost colorless. 
There is also an almost black variety, 
which is not readily soluble in the same 
solvents as the lighter colored resins. 

These resins are valuable for many 
industrial purposes. When refined, they 
are suitable for uses similar to those for 
which lac resins are usually employed. 
They are particularly desirable for prepar- 
ing dielectric varnishes. They are also 
desirable in preparing printing inks, 
waterproofing agents, special synthetic 
rubbers and rubber cements. They are 
especially suitable as an admixture in 
synthetic rubbers and cements, as they 
supply the essential tackiness the syn- 
thetics lack. 

The following chemical trade char- 
acteristics have been found by Inter- 
Chemical Co. research chemists in the 
refined resins: 


Manuscript received at the office of the 
Institute Nov. 1946. Issued as TP 2166 in 
Coat TEcHNOLOGY, May 1947; MINING TECH- 
NOLOGY, May 1047; and Trans. AIME (1947) 
I 10. : 

teres siiurgionl Manager, Combined Metals 
Reduction Co., Stockton, Utah. 


Specific gravity (melted)....... I.03 —1.06 
Acidinumbersemnse tte sere ce 6-8 
Softening point, mercury method 160°-165°C 
Todine valus (Wijs)...........- 140-150 
Refractive index............... I.544 


Color (Hellige, 25 pct toluol)... 14 

Molecular weight, average...... 

Purity, 99 + pct pure hydrocar- 
bon 


“Unaffected by alkalies and resistant 
to one hour fusion with solid potassium 
hydroxide. Completely soluble in ali- 
phatic and aromatic hydrocarbons. In- 
soluble in alcohols, ethyl acetate and other 
commonly used alcohols and esters. Com- 
patible with natural and synthetic rubbers, 
chlorinated and cyclized rubbers, waxes, 
vegetable oils, mineral oils, rosin, ester 
gum, phenolic and modified phenolic 
resins and other natural and synthetic 
resins of like solvent solubility.’’* 

The recovery and refining of these 
fossil resins has been the subject of much 
research work and has intrigued many 
investigators. Broadly speaking, the prob- 
lem involves separation of the resin from 
the coal into a very high-grade concen- 
trate, and subsequent treatment of this 
concentrate to produce an acceptable 
refined resin for its various usages. Obvi- 
ously it is also desirable to recover 
the residual coal without excessive size 
degradation. 

' The late W. D. Green, concentration 
engineer for Combined Metals Reduction 
Co., obtained U. S. Patent No. 1773997 
for the recovery of resin from coal through 


* Inter-Chemical Co. 
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the application of froth flotation. His 
patent also covers the use of various 
flotation reagents, such as higher alcohols, 
turpentine, cresol, pine oil and potash 
alum. This patent anticipates using the 
potash alum in the cleaner circuit to 
improve concentrate grade. It appears 
that a 30- to 40-mesh grind was considered 
most suitable. 

As a result of this acceptable resin 
flotation procedure, arrangements were 
made with the International Smelting and 
Refining Co. to utilize its pilot plant at 
Tooele, Utah, for a more thorough in- 
vestigation. It was also desired to produce 
large batches of resin concentrates for 
testing by possible consumers. 

In these pilot-plant flotation tests, 
very satisfactory recoveries and con- 
centrate grades were obtained. However, 
a standard pilot-plant ball mill and 
classifier was used. This resulted in the 
production of rather finely ground feed 
with attendant excessively fine concentrate 
production. A screen analysis indicated 
only 0.25 pct plus 1oo-mesh, 9.40 pct plus 
200-mesh and 90.33 pct minus 200-mesh. 

Samples of this concentrate were sub- 
mitted to an eastern research laboratory 
for study. Its rather pertinent observation 
follows: 


The manner of separating the resin from the 
concentrate presents a problem which will 
require considerable further study. Separation 
by solvent means is the more desirable, since 
the resin is unaffected in any way by such 
treatment. Practically, however, the difficulty 
encountered in so doing concerns the separation 
of the insoluble portion from the resin-solvent 
mixture. The bulk of the insoluble matter, 
apparently carbonaceous in character as pre- 
viously stated, is present in such a fine state 
that it will not settle on standing and instantly 
plugs up any satisfactory filter media. 


‘The foregoing conditions indicated the 
necessity of devising means for improving 
the physical quality of the flotation con- 
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centrates to assure their acceptability 
for further refining. 

Because of the outbreak of World War 
II, all research work was discontinued 
until the fall of 1942. At that time, it 
appeared that the production of a high- 
grade resin concentrate, from which a 
refined resin could be produced, might be 


of considerable value to the war effort. : 


Accordingly a new research program 
was initiated by the Metallurgical Staff of 
Combined Metals Reduction Company. 


SMALL-SCALE PILOT-PLANT INVESTIGATION 


Samples of large lots from the coal 
seams of the Deer Creek and Salina 
Canyon districts were tested for con- 
centrate yield by the Green flotation 
method, and the following results were 
obtained: 


RESIN CONCENTRATE 


YIELD, PcT OF 
a PLACE FreED WEIGHT 
Salina Canyon No.1...... 5.96 
Salina Canyon No. 2...... 4.36 
Deer Creek: 3-in. lump.... 4.01 
Stock pileteia s -teieere 4.60 
Screenings. 2-05-22 6:50 1 


Concentrates contained 75 to 80 pct soluble 
resin. 


Many new features of the procedure 
developed for the flotation of the resin 
and its subsequent refining are regarded 
as patentable and applications have been 
filed with the U. S. Patent Office. 


Coal Preparation 


A careful examination of numerous 
coal samples from several mines disclosed 
that the resin always occurs in fracture 
planes of various thicknesses. Green’s 
observations, that the finest resin size 
in these planes is on the order of 40-mesh, 
were confirmed. However, it was deter- 
mined that resin is far more friable than 
coal. A simple laboratory test demon- 
strated that a pure resin particle as large 
as 6-mesh could be shattered under 
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thumb-nail pressure, whereas heavy pres- 
sure in a pestle and mortar was required 
to break pieces of coal of similar size. 
Obviously the value of the coal tailing 
would be greatly enhanced if fine grinding 
could be avoided. Furthermore, operating 
costs in filtering and drying final tailings 
for sale would be lower. 

To establish the minimum size required 
for satisfactory flotation, three identical 
500-lb batches of coal were carefully 
reduced by graded crushing to pass 
through 20-mesh, 1o-mesh and 6-mesh, 
respectively. Each batch was floated 
separately in a pilot-plant eight-cell me- 
chanical machine. Substantially the same 
recovery of resin was obtained from each 
batch. Tests also made in a laboratory 
flotation cell on riffled samples from these 


batches, as well as on a minus 4o-mesh 


special sample, proved that resin recover- 
ies were practically identical. The quality 
of the concentrates from the coarser 
sizes was definitely superior. These tests 
were accepted as conclusive.proof that a 
6-mesh material would be desirable for 
production of a clean flotation concentrate. 
It was evident that every effort should 
be made to realize perfect graded crushing 
to eliminate presence of slimed coal in 
the concentrates. 


Attrition in Standard-size Mechanical Cell 


In order to obtain a large supply of 
resin concentrate for refining tests, a 
7700-lb lot of coal was prepared by graded 
crushing to pass an 8-mesh screen; a 
6-mesh of the desired size was not procur- 
able. The entire lot was floated in batches 
in a standard 36-in. mechanically agitated 
single-cell flotation machine. 

Table 1 shows the screen analysis of 
the various flotation materials. 

The excessive attrition that occurred 
as a result of the mechanical agitation 
is well shown by the screen analyses. 
It is to be noted that whereas the original 
feed contained only 16.9 pct minus 100- 
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mesh, the minus 1oo-mesh in the tailing 
increased to 62.1 pct, and that 93.7 pct 
of the concentrate was through 1oo-mesh. 


TABLE 1—Screen Analysis of Flotation 
Materials 
CUMULATIVE PER CENT 


Mesh Feed Tailing |Concentrate 
+ 8 np! a 0.1 

+ 10 I7.9 Dat 

+ 20 41.5 3.6 

+ 48 i ay 10.7 0.3 
+ 65 TT 16.9 1.9 
+100 83.1 RYARS) 6.3 

— 100 16.9 62.1 93.7 
Total 100.0 100.0 100.0 


The results of this test suggested use 
of a flotation cell that would provide 
ample aeration without excessive agita- 
tion; for instance, the old Callow blanket 
cell, the McIntosh machine or the airlift 
type of Forrester. Laboratory units of 
all three were tried. Each produced much 
cleaner and coarser concentrates than 
were obtainable with mechanically agitated 
machines. The airlift type gave less 
trouble with the coarse feeds being treated. 
It was found quite feasible to satisfactorily 
handle minus 6-mesh feed in a cyclic 
flotation circuit in specially designed 
airlift cells. 

To compare the attrition character- 
istics of the unit with the aforementioned 
results obtained through the 36-in. me- 
chanical cell, operating on minus 8-mesh 
feed, a large batch of identical coal was 
crushed to pass 20-mesh for flotation 
in a larger airlift cell. Thus, in order to 
exaggerate the conditions, the comparison — 
was made on minus 8-mesh feed for the 
mechanical unit and minus 20-mesh for 
the airlift cell. Table 2 shows significantly 
the difference in resin disintegration in the 
two types of machines. 

It is to be observed from the feed 
screen analyses that excessive fines are 
not produced with graded crushing even 
to minus 20-mesh. However, the con- 
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centrate screen analyses definitely prove 
how friable the resin is, as well as how 
much disintegration is caused by use of a 
mechanically agitated machine; that is, 
in spite of the fact that the airlift unit 
was operated on very much finer feed, 
the concentrate obtained therefrom was 
only 54.4 pct minus 100-mesh, as com- 
pared with 93.7 pct from the mechanical 
machine. 


TABLE 2—Relative Screen Analyses 
CuMULATIVE PER CENT 


Feed Concentrate 
Mesh 
Mechan-| Airlift | Mechan-| Airlift 
ical Cell Cell ical Cell Cell 


As a result of these investigations, 
it was concluded that the preparation of 
the feed material to the flotation cells, 
as well as the type of flotation machine, 
was of major importance in the production 
of acceptable resin concentrates. 

The essential objective in the research 
program had been to determine methods 
whereby satisfactory flotation results could 
be maintained with simultaneous produc- 
tion of an acceptable grade and quality 
of concentrate. Concentrates had been 
produced, which, when treated with 
suitable solvents, gave solubilities of 
70 to 80 pct. No serious difficulties were 
encountered in separating the resinous 
liquors from the inert solids, either by 
settlement or by filtration. 


LARGE PILOT-PLANT OPERATION 
Coal Preparation 


The results of the preliminary investiga- 
tion were regarded as sufficiently satis- 
factory to justify the construction of a 
pilot plant capable of handling approxi- 
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mately one ton per hour of coal. To 
make possible the treatment of any size 
of coal, a small screening and crushing 
unit was erected in a part of the old 
Combined Metals Reduction Co. leaching 
plant at Bauer (Fig 1). 

The preliminary investigation indicated 
the desirability of reducing all coal, by 
graded crushing, to not finer than minus 
3 in. and floating only the minus 6-mesh 
product obtained therefrom. This would 
involve the flotation of about 66 pct of the 
original coal. 

All coal received either by truck or by 
car lots was delivered to an unloading 
ramp, which was served by an electrically 
operated drag slusher. This deposited 
the coal into a feed hopper and thence 


to a slow-moving feeder-conveyor belt. 
The belt-conveyor drive mechanism was 


geared to deliver approximately one ton 
per hour. The coal from the conveyor 
dropped to a small bucket elevator. This 
coal elevator discharged to a trommel 
30 in. in diameter by 6 ft long, dressed 
with a 3¢-in. screen. The oversize passed 
by gravity through a small hammer mill] 
and thence back to the boot of the elevator. 
The undersize from the trommel passed 
directly into a hopper-bottom, screw- 
feeder tank to which a small amount of 
water was added for preliminary wetting 
of the coal. 

The screw feeder was set on an incline, 
so that all coal had to be wormed up 
through the water in order to assure 
its complete wetting. This wetted minus 
3¢-in. material passed by gravity to a 
second trommel screen dressed with’ a 
very light 6-mesh, square-holed wire 
screen. Spray water, played on the outside 
of the lifting side of the screen, served 
to wash all minus 6-mesh material into a 
hopper, from whence it flowed by gravity 
to an agitated flotation feed tank. The 
minus 3¢-in. plus 6-mesh material was 


sluiced directly to a pump tank, which | 


also served for rejection of the final 
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flotation tailings. Since this coal contains 
less than one per cent recoverable resin, 
it is not regarded as economical to crush 
and float the material. Moreover, it is a 
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the flotation-feed pump, actually served 
also as the receiving tank for return 
flotation middlings and cleaner tails. 
Thus the flotation plant was unusual, 


Fic 1—CoAL-TREATMENT PILOT PLANT. 


. Hopper. 

. Feeder belt. 

. Elevator. 

3-in. trommel screen. 

. Wetting screw. 

. 6-Mesh trommel screen. 

. Hammer mill. 

. Flotation-feed pump tank. 
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FIG 1a—FLOWSHEET COAL-TREATMENT PILOT PLANT. 


desirably sized material to remix with the 
minus 6-mesh flotation tailing to produce 
an excellent stoker feed. This minus 
3g-in. plus 6-mesh material amounts to 
approximately 34 pct of the preparation- 
plant feed. : 


Flotation Plant 


The mixing tank that received the 
minus 6-mesh material, and which fed 


a 


in that only one pump served to circulate 
all materials through the flotation circuit. 

As a result of our experiments with 
airlift flotation machines on the original 
small-scale pilot plant, it was decided to 
retain this type of machine for the larger 


_ unit. 


The flotation machines consisted of 
one 14-ft long rougher, one 4-ft primary 
cleaner and one 2-ft final cleaner, all 
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of the airlift type. The flotation boxes were 
4 ft wide and 4 ft deep at the overflow 
lip on all cells. They were built entirely 
of 14-in. resin pressed plywood nailed 
inside a 2 by 4 framing and the sides 
of the tanks were hoppered on a 45° angle. 
The first 6 ft of the rougher delivered 
its concentrates to the first cleaner and 
obviously the concentrates from this 
unit were recleaned in the second machine. 
The middlings and both cleaner tails 
returned by gravity to the mixing tank 
of the crusher plant. Air was supplied 
by a Roots blower, which delivered 
1100 cu ft of air per minute to the cells. 
The usual method of connecting the 
roughers to the cleaners was dispensed 
with in favor of a more*compact arrange- 
ment; that is, the first cleaner was set 
below but adjacent to the feed end of 
the rougher, so that the concentrates 
had a minimum distance to flow for 
retreatment. The second cleaner followed 
the primary cleaner in the usual manner. 
Thus, the rougher-concentrate launders 
sloped toward the feed end of the rougher 
instead of the usual reverse flow toward 
the tail end of the rougher circuit; thereby 
shortening the concentrate launders. 
Special baffles in the airlift boxes were 
provided to assure breaking up of the 
bubbles for the production of a much 
finer bubble than ordinarily is found 
in this type of machine. The airlift column 
was only 6 in. wide, to assure maximum 
circulation of the unusually coarse feed. 
No trouble with sanding-in due to large 
coal was encountered. To assure con- 
tinuous flow of the heavy material through 
the machine, a large spigot ran constantly 
from the bottom of the rougher cell. 
Pulp levels in the roughers and cleaners 


were maintained by the usual weir strips. | 


Over the complete period of its opera- 
tion, more than 1500 tons of coal from 
various sources were treated through this 
plant. Under ideal operating conditions, 
on a three-shift operation, about 11 tons 


RECOVERY OF RESIN FROM-UTAH COAL 


of coal per shift could be handled. However, 
because of inability to obtain labor, 
the average tonnage per shift on a one 
or two-shift basis was about 6 tons, 


of which approximately 66 pct actually 


passed through the flotation circuit, the 
plus 6-mesh material being of course 
rejected from the screening circuit. 

It was found that pulp densities in 
excess of 15 pct solids gave considerable 
trouble in producing concentrates of the 
desired higher quality; about 11 to 12 pet 
gave the best results. While this density 
may appear low to the average flotation 
operator, accustomed to treating sulphide 
ores, it should be remembered that the 
specific gravity of coal is on the order of 
1.6. Accordingly the bulk of solids in the 
machine actually approaches that common 
to the flotation of sulphide ores. In order 
to produce the cleanest concentrates 
possible, it was found that solids in the 
No. 1 cleaner should preferably be kept 
under 8 pct and in the No. 2 cleaner 
under 5 pct. 

The concentrates were filtered on three 
tray filters. Because of the low specific 
gravity of the concentrates, less than 
1.2, what would appear to be a dry con- 
centrate for a metal mill contained from 
22 to 26 pct moisture. 

Many different reagents were tried 
in the plant, and satisfactory results 
were obtained when the total reagent 
combination did not exceed 0.4 lb per ton. 
Overoiling invariably brought up excessive 
coal into the rougher concentrates, which 
was almost impossible to reject in the 
cleaners. Accordingly great caution was 
used to control the reagents, and it was 
found most desirable to add a greater 
part of the frother into the middle of the 
rougher machine. A small amount of 
frother, such as amyl acetate, was fed 
at the head end to sustain a lively froth 
condition on the cleaners. 

Concentrate grade was determined on 
the basis of resin solubility in the solvent 
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found most desirable for subsequent 
refining. In general, it can be stated 
that the grade of the concentrates was 
never less than 70 pct, and more often 
neatly 80 pct soluble. All recoveries 
were calculated in percentage of coal 
weight, rather than of recovery of resin. 
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was rejected as a minus 3¢-in. product. 
From the 180 tons minus 6-mesh material, 
which: went to the flotation plant, there 
were produced 22,359 lb of dry con- 
centrates; or there was an average yield 
of 6.04 pct of the weight of the original 
coal in the form of resin concentrate. 


TABLE 3—Summary of Coal Flotation-plant Data 
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This was done primarily because of the 
difficulty of determining the resin content 
of coal with solvents, since coal tar and 
other soluble ingredients complicate such 
a determination. However, laboratory 
flotation tests carefully made on daily 
feed samples crushed to pass through 
to-mesh invariably checked quite closely 
the plant results. Since the plant was 
being operated to produce the greatest 
amount of acceptable concentrate, rather 
than to attempt to force recovery at the 
expense of quality of concentrate, the 
method of determining acceptable results 
was found to be quite satisfactory. 

The data in Table 3 summarize plant 
results for the aforementioned treatment 
of something over 275 tons of coal screen- 
ings, or so-called “bug dust,” obtained 
from one of the Utah coal mines. 

These typical data covering the opera- 
tion of the plant on 275 tons of coal feed 
show that 34.4 pct of the feed weight 


Since proper sizing is vital to optimum 
flotation results, the average screen analyses 
covering a typical operating period are 
given in Table 4. 


TABLE 4—Average Screen Analyses in 
Typical Operating Period 


Original | Flotation | Flotation | Flotation 
Coal, Pct | Feed, Pct | Tails, Pct | Concen- 
trate, Pct 

Mesh 

On |Cum.| On |Cum.| On | Cum.} On | Cum. 
+ 10]/29.7 Ir.6 Trt.6 
+ 20/26.8] 56.5|29.4| 41.0/33.5] 45-1] 3.9 
+ 30]14.6| 71.1|20.2] 61.2/20.6] 65.7|10.6) 14.5 
+ 4o| 3.2} 74.3] 4.4] 65.6] 3.7) 69-4] 4.4] 18-9 
+ 60/12.2| 86.5|/13.6) 79.2/14.4 83.8|22.6] 41.5 
+ 80] 4.8] 91.3] 5.9] 85.1] 5-4] 89.2/16.0] 57.5 
+100] 0.4] 92.7] 0.7] 85.8} 0.5} 89.7] 3.7 61.2 
—100] 8.3} 8.3/14.2] 14.2|10.3 I10.3/38.8] 38.8 
ee 


It is again pointed out that the objective 
in operating this pilot plant was to produce 
a large supply of concentrates for further 
study in a pilot refinery. At the same 
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time it was desirable to determine the 
quality of the coal reject that would be 
produced. No difficulty was encountered 
in utilizing this coal, either in our own 
plant stokers or at other industrial plants. 
As a matter of fact, the quality of the 
coal had been enhanced, since the removal 
of the resin actually increased: the heat 
value in two ways. The resin has a value 
of approximately 8000 Btu, whereas Utah 
coals can be expected to have a Btu 
value of 13,000. Consequently, removal of 
5 to 7 pct of the low-value resin obviously 
enhanced the value of the coal. The second 
source of improvement in the coal value 
was brought about by the elimination of 
slimy coal slate, rejected in a small settler, 
which in turn delivered its product to the 
coal cars. The coal tailing water overflowing 
the top of the settler carried away a great 
part of this slimed bony material. 

The following characteristics of a car 
lot of coal show the type of tailings pro- 
duced (dry basis): 


13,132 

PASH 1) Cbmaidchetevassetenee 8.33 
VCs e DCL ate ning aosexe 42.50 
Fixed carbon, pct.... 49.08 
Salphurypetyacmesties 0.59 


The comparative screen analyses of 
several shippers’ coal screenings in Table 5 
indicate that no degradation of the pilot- 

plant coal was evident. 


TABLE 5—Comparative Screen Analyses, 
Coal Screenings 
CumuLaTIVE PER CENT 


CMR Co} U.S. Utah Inde- 

Mesh Pilot Fuel Co. | Fuel Co. | pendent 
ant Coal Co 

ENA 5.0 8.4 4.3 5.4 
+ 10.. 34.3 42.9 39.6 46.4 
+ 20.. 62.2 64.8 63.9 66.8 
+ 48... 85.3 86.5 85.7 85.2 
+100, 92.9 94.3 93-3 92.3 
+200 97.2 97.9 97.1 96.2 
— 200 2.8 Ze 2.9 3.8 
100.0 100.0 100.0 100.0 
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RESIN REFINING 


It was the original intention of Com- 
bined Metals Reduction Co. to sell con- 
centrates directly to eastern concerns 
for final refining. A 12.5-ton test shipment 
of resin concentrates was shipped to an 
eastern chemical plant for refining tests 
but because of the many manipulation 
difficulties in attempting to process the 
material, it became evident that a refining 
process, as well as plant design, would 
have to be provided by the Combined 
Metals Reduction Company’s staff. 

The commercial flowsheet, as developed, 
involves steam hearth drying of the con- 
centrates; continuous mechanical agitation 
leaching; separation of the liquor from 
the solids by pressure filtration with 
countercurrent washing; pressure clarifica- 
tion of the recovered liquor; partial 
distillation and recovery of the solvent 
from the liquor; final recovery of the resin 
and solvent through an electrically heated 
still, and melter and recovery of the 
residual solvent in the concentrate residue 
by hot-water treatment. 


TABLE 6—Characteristics of Solvents 


Solvent Point, bility, 
Deg C Pct 

Avetonee ots csvs went ocetecs 56.5 ros 
Amyl acetate... ....5../:.-| *200;,00 6.0 
Methyl amyl alcohol........ 64.6 Trace 
Bthytetheriecdceshincn estes 34-5 72.3 
Banzols. osu acs cea oils 80.0 86.9 
Carbon disulphide.......... 46. 61.1 
Stoddards solvent...../..... 120-140 86.7 
Petroleum ether (hexane)... 54-88 84.0 


The initial investigation involved deter- 
mination of the most satisfactory solvent 
for refining. Dissolving ability, filtering 
and settling characteristics and _ boiling 
point of the solvent were the principal 
factors involved. More than 50 different 
volatile solvents were tried in the labora- 
tory. Table 6 shows the solubilities and 
boiling points of the various types. 
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Benzols and petroleum ethers proved 
the most desirable for all conditions 
imposed. 

It was finally decided to concentrate 
all further work on hexane, one of the 
petroleum ethers, because of satisfactory 
solubilities, its specific gravity, and the 
rather desirable range of its boiling point. 
While benzol was regarded as also quite 
acceptable, its poisonous characteristics 
justified rejection as a desirable solvent. 

The development of the flowsheet 
was a series of progressive steps. Small- 
scale leaching had indicated 2 hr at room 
temperature for dissolving, pressure filtra- 
tion for separating the pregnant liquor 
from the solids and partial evaporation 
in a still. Accordingly, a pilot plant capable 
of producing from 400 to 600 lb per week 
on a one-shift basis was constructed. 
It should be remembered that this work 
was carried on during the war, when the 
procurement or construction of even 
the simplest type of apparatus was a 
considerable chore. For instance, the 
leaching tanks consisted of r110-gal steel 
drums set on end. In order to assure gas- 
tight leaching units, cylindrical disks 


' welded to the shafts were rotated in a 


water pan welded to the top of the tank. 
While these were far from satisfactory, 
they did serve the purpose. In spite of the 
fact that more than 35,000 lb of refined 
resin was produced, we were fortunate in 
having no explosions or fires. 


Filtration 

It was thought that countercurrent 
washing and decantation could be accom- 
plished in settling cones using Dorr 
diaphragm pumps to advance the mud 
from cone to cone. We were, however, 
sadly disillusioned as to the pumping of 
volatile liquids. The pumps would advance 
the material for a period of time; eventually 
all flow would stop, owing to vapor locks 
resulting from the vacuum created in 
the suction pipes. While it is believed that 
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larger pumps and cones might possibly 
have worked satisfactorily, the small 
scale of the operation was so troublesome 
that this method was abandoned in favor 
of direct filtration. 

All leaches were made in batches with 
2 hr of mechanical agitation, with a solvent- 
concentrate ratio of 4 liters to 1000 grams. 
Settling tests on this type of leach indi- 
cated a rate of about 5 in. per hr. Pres- 
sure filtration at 20 psi gave filter rates 
of ro to 15 gal per sq ft per hr and pro- 
duction of 34-in. wet cake. Vacuum fil- 
tration was not regarded as feasible in 
commercial operation because of flashing 
and plugging of the filter media caused by 
evaporation. 

It should be stated at this time that the 
residue from a concentrate leach contains 
a great deal of sandy coal and insoluble dark 
resin, which has a very high settling rate 
in the pregnant liquors obtained. These 
rates rather baffled us at first. The explana- 
tion actually was simple, since the pregnant 
liquors seldom have a gravity of much 
over 0.752, whereas the rather coarse 
solids have a gravity of something on the 
order of 1.23. Gravities of rich liquors in 
hydrometallurgical operations are of course 
always nearer to 1.4; consequently our 
deductions had to be closely watched, 
as we were working with many condi- 
tions quite foreign to our normal problems 
of metallurgy. 


Recovery of Resin from Liquors 


The recovery of the resin from the 
pregnant liquors is theoretically quite 
simple, since evaporation of the solvent 
is the only requirement. Actually it 
became one of the major problems. Dis- 
tillation of 65 pct of the solvent in a 
standard steam evaporator operated in 
closed circuit with a water-cooled tube 
condenser is quite readily accomplished. 
Since the hexane begins to distill at 54°C 
and finishes at 88°C, the temperatures 
involved are low. It was established that 
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when the liquor reached a temperature oy 


65°C in continuous still operation about + 
65 pct of the hexane had been eliminated. | 
The rather striking difficulty in the opera- 
tion of the still was to accomplish this 
with a small amount of steam. The evapora- 
tor was built in our own shops from tanks 
and pipes that were available in the scrap 
pile of the plant, and the heating element 
was entirely too short for efficient opera- 
tion. Even with too lb steam pressure, 
there was a marked insulating effect 
due to formation of gas bubbles upon the 
heating elements. The rate of hexane 
elimination per square foot of area per 
hour was exceptionally low, although well 
within economical limits. Approximately 
five times as much surface area was 
required as would normally be used in 
the operation of a still for hexane alone. 
Since it was not considered physically 
feasible to draw off the residual molasses- 
like liquor when evaporating more than 
65 pct of the hexane, the subsequent 
treatment of this product was the subject 
of many proposals, 

The resin itself has remarkable insulation 
qualities. Skin evaporation on drum 
evaporators or driers suggested itself. 
However, when a thin layer was applied 
to a heated sheet of metal, such as the 
surface of a drum drier, the evolution of 
hexane gas caused the formation of large 
bubbles, which formed a perfect insulator 
for further heat transference. To convey 
a picture of how excessive this bubble- 
forming characteristic was, the following 
illustration is submitted. If a 44-in. layer 
of pre-evaporated liquor is evaporated in 
a regular household roasting pan in a 
steam drier, the hexane-free resin will 
have swelled to a depth of 6 in. 

Since the hexane is completely volatile 
at 88°C, it appeared that the use of 
boiling water would solve the problem. 
A closed horizontal tank, provided with 
two agitators, gas outlet connections to a 
condenser and inlets for the pre-evaporated 
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liquor, means for introducing steam and 
recirculation of hot water, was con- 
structed. A heavy flow of hot water was 
circulated through this tank and a separate 
skimmer tank. Sufficient steam was passed 
into the tank water to maintain an 88°C 
temperature. A desired flow of pre- 
evaporated liquor flowed directly from 
the still into the agitation unit. Evapora- 
tion of the hexane occurred instantly 
when the liquor dropped into the hot 
water. This caused simultaneous libera- 
tion of the resin into spongelike particles, 
which flowed with the circulating water 
into the skimmer tank. This same pro- 
cedure proved to be entirely satisfactory 
for treatment of the residual mud, for 
final hexane recovery, contained in this 
product. 

Because of its porous structure and 
low specific gravity, the resin floated 
to the surface and was skimmed off and 


‘delivered to a tray filter. The excess 


hot water from the skimmer was recir- 
culated to the resin precipitation tank. 
This procedure was technically satis- 
factory, but the recovered resin, even 
after filtration, contained over 50 pct 
moisture because of its cellular structure 
and low specific gravity. Centrifuging 
did not reduce the moisture below 45 pct 
and the ultimate drying of the recovered 
resin introduced a new problem. 

A multiple-hearth, steam-heated Mc- 
Dougal type of drier was used satis- 
factorily. However, the steam consumption 
for eliminating so much moisture and the 
production of a very dusty product were 
disadvantageous. A further objection was 
the bulkiness of the dried material; viz, 
20 lb per cubic foot. The unit used for 
this operation was built around an old 
leaching tank in the pilot-plant building. 
The unit consisted of six plate-steel 
hearths resting on steam coils. Ventilation 
to remove moisture was provided by a 
small suction fan. Temperatures, obtained 
from the too psi in the coils, ran as high 
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as 120°C in the middle section of the 
chamber. Since the entire procedure | of 
hot-water precipitation, filtering and dry- 
ing was abandoned in favor of direct 
steam atomization, any further discussion 
of this method can be eliminated. 


Atomizing Unit 

The principle of utilizing live steam 
in the water-precipitation scheme suggested 
the idea of direct atomization with steam. 
The desired results imposed the production 
of a substantially dry product without the 
use of separate precipitation, filtering 
and drying steps. Since water and hexane 
are not miscible, separation of the con- 
densed vapors offered no problem. It was 
decided therefore to proceed with the 
construction of an atomizing unit. 

The atomizer was built from a former 
leach tank. A domed cover, with the 
desired outlets and openings for injection 
of the resin liquor, was fabricated to 
provide a gastight cover. Two steam- 
heated rabbled hearths served to collect 
and complete the drying of the atomized 
material. Side coils, shielded by a sheet- 
metal internal cylinder, furnished addi- 
tional heating surface. 

Five methods for atomizing the resin 
liquor into the chamber were anticipated 
in the design; namely, dropping the pre- 
evaporated liquor onto a_ high-speed 
rotating disk; vertical or side spraying 
of the liquor through a steam-liquor- 
mixing atomizer; atomizing the pregnant 
liquor into the chamber through one 
spray with independent injection of live 


steam; dropping a liquor stream across a 


steam-atomizing nozzle; and finally atomiz- 
ing the liquor into the expansion chamber 
into which heat was supplied by recir- 
culating a part of the hexane gas through 
steam-heated thermoliers: 

Fig 2 illustrates the structural char- 
acteristics of the unit. The operating 
results by atomization were eminently 
satisfactory. The most desirable procedure 
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for atomization was that of intersection 
of a stream of the liquor by cross flow 
with a steam jet. The atomizing results, 
when using live steam for heating, were a 
marked improvement over water pre- 
cipitation. The recovered resin contained 
less than 2 pct moisture and owing to 
the presence of water vapor in the chamber, 
there were no explosion hazards. Since 
the unit was constructed from old equip- 
ment, it was not entirely gastight and 
unnecessary solvent losses occurred. 

Although steam consumption appeared 
somewhat high, much heat could be 
conserved by passing the hot solvent- 
water-vapor gases, having a temperature 
of 88° to 96°C, through an interchanger 
against the advancing pregnant liquors 
that entered the pre-evaporation still. 

It was found that the last traces of 
moisture, owing to the high water-vapor 
content within the chamber, remained 
in the final product. Moistures of 3 to 
5 pct persisted. To accomplish elimination 
of this remaining water, an open steam- 
jacketed screw conveyor was installed. to 
receive the last hearth discharge. Although 
having only a 234-in. diameter, 60-in. 
long screw, this conveyor reduced the 
moisture to approximately 2 pct. It was 
evident that a properly dimensioned 
conveyor would be quite satisfactory. 

The procedure of spraying the pre- 
evaporated liquor into the spray chamber, 
heated by circulation of hexane gas, 
proved difficult. Excessive circulation of 
this gas through the steam-heated ele- 
ments created considerable movement of 
fine resin through the heaters, with 
resulting insulation. Steam consumption 
per pound of resin recovered was excep- 
tionally low but gas escape hazards were 
great. 

Of the five atomizing methods tried, 
the most satisfactory results and simplest 
manipulation were those of gravity flowing 
the heavy liquor across a steam jet. 
This procedure is identical with that 
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employed in producing zinc dust for the 
electrolytic zinc process. 

Pumping the pre-evaporated liquors 
to obtain desired atomizing pressures 
was a problem, though a piston type of 
pump with positive actuated valves would 
probably have been satisfactory. In any 
case, any one of the methods tried proved 
to be technically feasible. 

It was intended to pass this atomized 
product into a pelletizer for final com- 
pacting. A manufacturer’s test indicated 
that the pellets would weigh 4o lb per 
cubic foot. The pelletizing was not com- 
pletely solved by machine manufacturers, 
and it appeared that certain modifications 
of the standard units would be necessary. 


Melting for Shipment 


Eastern consumers advised that a 
properly melted resin would be the most 
desirable product to handle. From the 
viewpoint of packaging and shipping, 
melting offered many advantages. Melted 
resin weighs approximately 80 lb per cubic 
foot. It was decided therefore to develop 
a method that would meet the technical 
requirements. Melting starts at 195°C 
and at 225°C the material is sufficiently 
mobile to permit casting into drums. 
It is particularly desirable that the 
material should not be kept at elevated 
temperatures for any great length of 
time, one hour being the upper limit. There- 
fore, continuous melting was indicated. 

Because of the low melting character- 
istics of the resin, the possibility of in- 
creasing the density of the material by 
subjecting it to the heat of an infrared 
lamp was tried. A 14-ft 10- -in. slow-moving 
belt, with feed hopper, over which were 
suspended thirty-two 250-watt lamps in 
two rows of 16 each provided a test unit. 
This equipment had a capacity of 32 Ib 
per hr. The procedure was technically 
possible, but dropped in favor of the follow- 
ing more attractive melting eee 
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An electrically heated melting unit 
has been devised, which has proved to be 
eminently satisfactory. In a 2-ft diameter, 
4 {t long melter, provided with two agita- 
tors, 200 lb per hr of resin has been 
melted in continuous runs of long duration. 
Fourteen 1500-watt strip heaters placed 
around the body of the carefully insulated 
shell sufficed to supply the necessary heat. 
A power consumption of much less than 
14 kw per pound of resin was required 
to accomplish the melting. The pre- 
evaporated liquor was diluted with a 
thinner before being added to the melter. 
This thinner, which has a vaporization . 
temperature just below the initial melting 
point of the resin, serves as a vehicle to 
maintain plasticity until actual melting 
takes place. This vehicle, of course, is 
condensed and recirculated in the melter 
system. The melted resin weighs about 
75 lb per cubic foot and therefore is 
eminently satisfactory for shipping. 


COMMERCIAL RESIN REFINERY 


A resin refinery is under construction 
at Bauer, Utah, and it is anticipated 
that it will be in operation before the 
close of 1947. This plant will have a 
capacity of one ton per hour of concentrates. 
Initial feed for the plant will be obtained 
from the Hiawatha coal washer of the 
United States Fuel Co. The amount of 
concentrates that can be obtained from 
this source has not as yet been determined 
and can hardly be fixed, since it is de- 
pendent on seasonal operations of the 
coal mine. 

In order not to disturb the regular oper- 
ations of the washer, a resin-recovery 
method had to be devised that could be 
carried on as a normal part of the plant 
operations. 

The construction of a flotation plant, 
to augment the concentrate supply ob- 
tained from the Hiawatha washer, has 
been anticipated. 
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Fic 3a—FLOWSHEET OF RESIN REFINERY. 


The flowsheet for the commercial re- 
finery (Fig 3) indicates. the equipment 
and material flow required for carrying 
out the process. 
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DISCUSSION 


(J. Griffen presiding) 


L. C. McCase*—This recovery of resins 


from coal is a very interesting development 


and it bears out some of the work that the 


, Bureau has been doing along this very line. 


| 


-* U.S. Bureau of Mines, Washington, D. CH 


W. A. Selvig of the Bureau Station in 
Pittsburgh has done considerable work on 
resin extraction and has published an article 
recently on resin and wax recovery from coal. 
These recoveries come from the lower rank 
coals from the West and from the lignites of 
Texas, California and Arkansas. There have 
been very few waxes and resins found in the 
lignites of the Dakotas. They are essentially 
devoid of resins and waxes. 

From the economic point of view, it is very 
interesting to recognize that we are developing 
here an industry that formerly did not exist 
or existed to a very limited extent in this 
country. Before the war the Germans exported 
to this country, if I recall correctly, something 
like 4,000 tons of waxes and resins a year, 
which sold at 60 to 70¢ a pound. This source of 
waxes now is in the Russian zone of Germany 
and is not available to us so I do think we have 
an opportunity of developing, in a small way, 
a technically important and, perhaps, a very 
economically important industry. 

I think it will be limited to the coals of 
younger geologic age, that is the lignites and 
the subbituminous coals and the bituminous 
coals such as those of Utah. While resins and 
waxes are present in the carboniferous bitumi- 
nous coals, the physical-chemical differences 
seem to disappear as the coals get higher in 
rank. 

I think we shall, perhaps, see further develop- 
ment in the recovery of resins and waxes. 
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J. Grirren—The paper on the recovery of 
resin from Utah coal brought up a very interest- 
ing angle, on whether different types of flota- 
tion machines actually degrade the coal and in 
that way give a more difficult problem in 
filtering and a higher moisture content in the 
cake,.or whether all that difficulty is simply 
due to the fact that it is froth, but the size 
consist has not particularly changed. Actually, 
in cleaning by flotation, you should tend to 
make a froth that is more coarse than the feed, 
because the finer fractions usually contain less 
coal and more refuse. But we know that a 
filter has lower capacity per square foot on 
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flotation coal than it has on raw coal—that is, 
slurry from the raw coal not floated. 


E. KieperKo (author’s reply)—It is in- 
teresting to note that the Bureau of Mines 
Station at Pittsburgh has been working on 
resin extraction and I trust that we may expect, 
in time, a report of their investigations. We, in 
Utah, feel that perhaps we are making a further 
contribution to the mineral development in- 
dustry of the United States. Our company 
has already constructed a commercial plant 
that has been in successful operation since the 
17th of March, 1947. 


Maintenance of a Coal Cleaning Plant 
By Ratpx M. Hunter,* Memper AIME 


(New York Meeting, February 1948) 


UNTIL recent years, maintenance of sur- 
face coal handling facilities was a relatively 
simple task. Equipment. consisted prin- 
cipally of conveyors, screens and crushers of 
comparatively simple construction. Elec- 
trical equipment consisted of motors and 
starters, with little, if any, interlocking. In 
most cases failure of any component af- 
fected only the grades of coal loaded so that 
even a prolonged breakdown did not affect 
mine operation materially. 

However, with the introduction of 
modern cleaning plants, the picture has 
changed. The equipment is much more 
complex and therefore more difficult to 
maintain. In many cases failure of any 
component of the plant prevents loading of 
coal. Even if provision is made to bypass, 
the quality of coal loaded is lowered, affect- 
ing markets. In the case of plants designed 
to permit full seam mining, marketable coal 
cannot be loaded without operation of the 
cleaning plant. Under these conditions it is 
apparent that considerable thought and 
effort toward better maintenance are 
justified. 

In order to assure continuous, efficient 
and economical operation, maintenance 
should receive consideration, not only after 
the plant is in operation, but while iy Beaks 
being designed. It is hardly necessary to say 
that the designer should strive for sturdi- 
ness and wearing qualities. It is sometimes 
not realized, however, that even the best 
parts will sooner or later require replace- 
ment or repair. The designer should, there- 
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fore, give consideration to accessibility. 
Anyone who has had to do with cleaning 
plant maintenance is familiar with installa- 
tions where several hours are required to 
get at a part that can be repaired or replaced 
in a few minutes, once it is accessible. As in 
most cases, experience is the best guide. 
The men who operate and maintain this 
equipment know the problems encountered. 
Whenever available, the opinions of these 
men should be sought and heeded. 

As an example, we might consider the 
refuse elevator on a Chance Cone. Our 
company is now operating three of these 
cones, the first of which was installed in 
1941, and the latest in 1946. Exact records 
are not available, but well over so pct of 
delays charged to the Chance Cones have 
been caused by the refuse elevator. This 
elevator receives refuse from the cone and 
carries it to a point above the water level 
of the cone, discharging onto a dewatering 
and desanding screen. Since the elevator 
operates under water and necessarily has 
close clearances in the lower boot, it tends 
to jam on large pieces of refuse or tramp 
iron. The chain, buckets and boot are also 
subjected to the action of water, sand and 
refuse, which accelerate normal wear. In 
case of jamming or chain-breakage it is 
necessary to drain the elevator and the cone 
so that even a minor fault in the elevator 
causes a considerable loss of time for the 
cone. 

In our new plant, which will contain two 
Chance Cones, the refuse elevator has been 
eliminated. This was accomplished by 
raising the cone so that the refuse gates 
could discharge directly onto the dewater- 
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ing screen. Certain modifications in the 
water circulating system and an additional 
sand sump were also necessary. The initial 
investment is somewhat higher but we 
expect to be able to maintain better opera- 
tion and reduce maintenance costs. 


GENERAL LAYOUT 


Maintenance should also be considered 
in the general layout of the plant. It is 
often possible, for example, to divide the 
equipment so that the plant can continue to 
operate at reduced capacity even though 
one element is out of service. In our fine 
coal plants, made up of Deister tables, 
these tables are divided into groups of six, 
each with its own distributors and settling 
tanks. Any group can be cut out and the 
plant operated at less than normal capacity. 

In some cases, installation of spare units 
is justified. For example, centrifugal driers 
must be shut down periodically to replace 
baskets. In our fine coal plants we install an 
extra unit so that one unit is always 
standby. 


PLANT CAPACITY 


Consideration should also be given to 
plant capacity. Maintenance is simplified 
and improved if plant capacity allows some 
idle time each day. Preventive maintenance 
carried on daily allows equipment to be 
- kept in such condition as to operate with- 
out delays. During the war we operated 
many of our plants on virtually a 24-hr day, 
6 days a week schedule. With only Sundays 
available, a backlog of routine repairs was 
quickly built up. This backlog was con- 
stantly threatening to overwhelm the main- 
tenance crew. The present wage scale, with 
penalties for sixth and seventh day work, 
will justify an additional investment in 
increased capacity. 


ORGANIZATION 


In order to properly care for maintenance 
an organization is necessary. This organiza- 
tion may be simple or elaborate depending 
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on the size of the plant and its complexity. 


Any organization, however, should provide 


, 


“ 


for fixing responsibility, for inspection, for — 
regular repairs, for handling emergencies, ( 


and for keeping maintenance records. 
It is my own opinion that responsibility 
for operation and maintenance should be 


combined. The operating head should know ~ 


more about the current condition of equip- 
ment than anyone else and he is also in a 
position to control operations to prevent 


abuse of equipment. Maintenance must be 


performed with the least interference to 
production. In fact, these two functions are 
interdependent. 

Regular, daily inspection will catch many 
breakdowns before they occur. This is one 
argument against a central oiling system 
and, to my mind, a valid one. The oiler, 
properly instructed and trained, is about 
the best inspector to be found, and in his 
regular rounds he visits every piece of ma- 
chinery and is able to note variations from 
normal. 

In addition to the daily inspection of the 
oiler, the foreman or someone delegated by 
him should make regular inspections while 
the plant is in operation. Excessive heat, 
excessive noise, oil leaks, and other abnor- 
malities should be noted for investigation. 
In addition, housekeeping, condition of 
stairs and walkways, condition of lighting 
and wiring should be observed. Inaccessible 
equipment, such as flexible couplings, gears, 
pumps, submerged parts of jigs, drive 
chains and belts should be inspected regu- 
larly while not in operation. Air gaps of 
motors, especially sleeve bearing motors, 
should be gauged regularly. 

One great enemy of cleaning plant equip- 
ment, both electrical and mechanical, is 
dirt. Controllers, contacts, limit switches, 
and the like are especially susceptible to 
dust. Regular attention with an air hose, 
and frequent visual inspection will keep 
these parts in working order. 

A regular repair crew, working off shift, 
is usually necessary. This crew should be 
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made up of skilled men capable of burning, 
welding, fitting bearings, or handling any 
of the various jobs bound to arise. In most 
plants a crew of about four men works out 
to the best advantage. With such a crew 
working regularly, it is possible to replace 
worn parts, such as chutes, wearing plates, 
and the like, before they fail. Inspections 
of equipment not accessible when the plant 
is operating can also be handled by this 
crew. While the repair crew should be 
~ separate from the operating personnel, they 
should be under the direction of the oper- 
ating foreman and receive their instructions 
from him. Above all, the repair crew should 
not be considered a place to dump ineffi- 
cient personnel. Rather, assignment to 
the repair crew should be considered a 
promotion. 

Even with the best program of preven- 
tive maintenance, breakdowns on shift will 
occur. It is necessary, therefore, to provide 
for these emergencies. The regular oper- 
ating crew will in most cases be competent 
to handle these emergencies if they have 
been properly instructed. A large plant will 
usually justify one or more utility men who 
have been trained to locate and correct 
troubles promptly. With a proper program 
of preventive maintenance, on-shift troubles 
are likely to be electrical, improper opera- 
tion of interlocking or motor or control 
failures. Proper training and instruction are 
necessary to locate these troubles promptly 
and usually the big problem is locating 
trouble. 

In our case, we make the electrical in- 
stallations with our own crew and it is 
possible to assign a maintenance man to 
work on the construction. This gives him a 
chance to become acquainted with the 
installation in detail. 


VALUE OF RECORDS 


To most maintenance men records are a 
nuisance, to put it mildly. However, records 
are an essential part of proper maintenance. 
I hesitate to expand on this point because 
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our own system of records is not complete. 
However, to be useful, records should be 
easy to keep, should give the necessary in- 
formation, and should be used in planning 
maintenance. The ideal system would allow 
replacements or repair to be made just 
before failure. While this objective is 
probably not attainable, it is possible to 
schedule overhaul of major equipment so 
as to fit in with production schedules. 
Proper records will aid in such scheduling. 


SUFFICIENT SPARES 


Maintenance records are also of value in 
determining the extent and composition of 
the spare parts and repair supplies inven- 
tory. The problem of inventory is difficult 
and calls for careful analysis. Excessive 
inventory ties up capital and storage space 
and is therefore undesirable. On the other 
hand, lack of a part may shut down the 
plant. In a new type of plant, it is likely 
that more spare parts than necessary will be 
carried but operating experience will show 
the safe minimum. 

In this instance also, proper design can 
help. A little care in selecting speed re- 
ducers, motors, drive chains and sprockets, 
and other parts will allow relatively few 
spares to protect the important units of 
the plant. Especially in these times of long 
deliveries it would seem advisable to carry 
enough spare parts to replace at least the 
most important units. Even with the most 
careful planning, however, complete re- 
placement units are likely to build up in- 
ventory to unreasonable size. One solution 
to this problem is advance planning for 
breakdowns. Obyiously, a 15 hp motor and 
reducer will handle the load usually carried 
by a5 or ro hp»unit. Often, space will allow 
the larger unit to be installed. A little 
advanced planning will provide adapter 
plates, coupling halves, and other material 
necessary to adapt the available unit to the 
necessary application. While these adapters 
can be made up in advance, having them 
available when needed is another matter. 
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We have had some success in accomplishing 
this by storing adapters near their intended 
use, hanging them on brackets or racks. 
At present we are operating two modern 
cleaning plants with a third under con- 
struction. Many of the drive units in the 
three plants will be duplicates and in the 
three plants a total of approximately 250 
motors is involved. A plan has been pro- 
posed and is being developed to pool spares 
for the three plants. This plan has some very 
obvious advantages, principally reduction 
of investment in inventory. It has some 
equally obvious disadvantages, chief of 
which is the problem of quickly locating 
and delivering the needed spare unit and 
controlling repair and return to stock of 
damaged units. We feel that the plan has 
merit and are now exploring the possibility 
of a coding system to identify the unit to be 
replaced and the spare unit. One danger to 
be guarded against in setting up such a sys- 
tem is to find we are running a system in- 
stead of maintaining a cleaning plant. 
Assuming that motors are properly 
loaded originally, periodic load checks of 
motors will often indicate troubles before 
they become serious. These checks are 
quickly made with a clip-on ammeter and, 
if made regularly and recorded, are in- 
valuable in catching potential trouble both 
mechanical and electrical before it happens. 


SUMMARY 


To sum up, good maintenance in a clean- 
ing plant requires: 

1. Careful design from a maintenance 
point of view. 

2. Definitely assigned responsibility for 
maintenance. 

3. Regular, systematic “inspection to 
locate troubles before they become 
breakdowns. Ase 

4. A well organized and equipped main- 
tenance crew, with time to make repairs 
when they are needed. 


5. Sufficient records to spot slowly 
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developing troubles and to form a basis for — 


long term maintenance planning. 


6. Sufficient spares to replace quickly j 


important units. 

In addition to the above, a cleaning plant 
foreman needs a sixth sense to spot trouble 
before it occurs. But until a practical crys- 
tal ball is developed, careful inspection, 
study of past experience and systematic 
checking will have to do. 


DISCUSSION 
(T. W. Guy and J. Griffen presiding) 


T. W. Guy—I think Mr. Hunter has. 


called attention to a great many points that 
are important in the efficient maintenance 
and operation of coal cleaning plants. 


J. GrirFEN—I would like to say some- 
thing for the equipment manufacturers and 
designers of coal cleaning plants. I would 
like to compliment Mr. Hunter very much 


on his paper and I am delighted with the » 


emphasis he placed on planning and on the 
fact that the matter ultimately depended 
upon management’s willingness to spend 
the money for the plant and equipment 
required. That is where the responsibility 
resides largely because the builders must 
conform to the wishes of the purchaser and 
his ideas as to the amount of money he can 
spend. 

Some years ago, we were entrusted with 
the contract to design and erect a coal 
preparation plant for a steel company 
which was accustomed to 24-hr operation 
each day in the year and knew that it cost 
money to build a plant to be operated on 
such a schedule with a minimum of shut- 
down time for repairs. This plant was 
projected to operate 20 hr out of each 24-hr 
day each day of the year. The plant we de- 
signed to meet this condition cost more 
money per ton of input than any bitumi- 
nous coal cleaning plant previously built. 
During one stretch of 8 months, this plant 
was operated 22 hr out of each 24-hr day 
every day in the 8-month period. Such 
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continuous operation was possible only 
because the steel company had spent con- 
siderably more money on their coal washer 
than was usual practice. 


T. W. Guy—lIt was probably money well 
spent. 


J. GrirreN—That year it handled over 
five million tons of coal. 


B. M. Brrpo*—Before I worked for 
Jeffrey, one coal company asked me to help 
with the design of a coal-cleaning plant. 
They said, “We want 250 tons an hour.” I 
said, “Gentlemen, how much are you 
going to run through the plant?” 

After some discussion they decided that 


the plant should be good for 300 tons an 


hour. I said, ‘What can you do to get 
production up to 350?” If they spent a 
million dollars underground they thought 
it might be possible to do so. 

When I wrote up the specifications I 
wrote them for 4oo. Well, that plant did 
not run one week less than 400 tons an 
hour. 

Now Lam telling you this story with one 
motive. More often than not, under- 
capacity is faulty appraisal of the amount 
of tonnage that has to go through the 
plant. If you run the tonnage up 50 pet 
over what the plant was designed for, you 
will have a high-maintenance plant. I urge 
all of you who have anything to do with 
coal washeries to get the tonnage right. 
Maybe, after you think you have it right, 


you should add 50 pet, then you will be | 


close to what you will probably require. 


T. W. Guyv—A factor of safety should be 
applied when setting capacity. Most plants 
that I have had occasion to know about 
have handled a great deal more than the 
design capacity. I think Pittsburgh Cham- 
pion was designed for about 500 tons and 
they have run as much as goo to 1,000 tons 
an hour through that. 


* Jeffrey Manufacturing Company. 
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R. E. ZimMERMAN*—Mr. Hunter’s paper 
touches on a subject of increasing im- 
portance and of which too little has been 
said by preparation men in general. We 
may discuss frequently and learnedly con- 
cerning the theory of coal washing and the 


’ superiority of some pet processing equip- 


ment, but to the people who have to oper- 
ate a cleaning plant day by day, and often 
24 hr a day, the maintenance of the equip- 
ment is frequently of more vital importance 
than the particular kind of process used. 

As cleaning plants are becoming more 
and more complex, of larger capacity, and 
frequently operating on a three shift basis 
processing coal from completely mecha- 
nized mines, it is paramount that there 
should be a minimum of mechanical delays. 
Many plants have little or no storage 
facilities between the mine and plant and 
even a few minutes delay may seriously 
affect production within the mine and 
prove very costly to management. 

Maintenance begins with the design of 
the plant. Proper space should be allowed 
for access to machinery and equipment. 
Where practical, a plant should contain 
parallel flow of duplicate units so that when 
a breakdown does occur the plant can at 
least operate one circuit at reduced ton- 
nage. This has value also when coal is slow 
in coming to the plant. 

Equipment should be designed to take 
care of ample loads, as it appears to be 
almost universal that a plant is operated 
at higher tonnages than originally calcu- 
lated. This is especially true in the sections 
dealing with the processing and handling of 
the fine sizes. 

Serious consideration should be given to 
the use of alloy steels of both corrosion and 
abrasion resistance types. Rubber lined 
piping and chutes should be considered 
where practical. 

Mr. Hunter brings out the importance of 
preventive maintenance. This is of great 
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value not only in eliminating ‘‘delay time” 
but also in reducing the amount of major 
repair jobs necessary over weekends where 
one has to pay mechanical help time and 
one-half or double time. 

It is always desirable, where possible, to 
use similar equipment, motors, and so on, 
throughout the plant in order to provide 
interchangeability and parts in common. 
It is frequently of value to use the “unit 
replacement” principle of repair, where a 
complete unit is installed rather than tear- 
ing the old one down in place. This will cut 
down time and provide for more leisurely 
and thorough repair of the equipment 
involved. 

I agree most heartily with Mr. Hunter 
that the maintenance crew is no place to 
dump inefficient _ personnel. The wide 
variety of work involved, the need for skill 
and speed, the necessity for improvising 
and, at times, creative talent, require high 
caliber type of men above the run of the 
mill. 

The maintenance foreman should be 
carefully chosen not only for his mechanical 
knowledge and steadiness of character but 
his ability to lay out and schedule his 
repair work in advance of actual need. He 
can make or lose the company a great deal 
of money in a very short time. Serious 
consideration should be given to the hiring 
of maintenance foremen who have a higher 
educational level than in the past, par- 
ticularly in the large preparation plants 
where modern machinery needs technical 
supervision to produce the most efficient 
results. 

Maintenance men proverbally dislike to 
keep records and if they do they are apt to 
be incomplete, or worse yet, never utilized. 
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Here, again, the right type of maintenance 
foreman will make intelligent use of this © 


tool and be able to save the company con- 


siderable money in knowing the rate of — 


turnover of parts and equipment, anticipat- 
ing machinery life and being able to prove 
to himself and his superiors that a certain 


a al 


piece of equipment actually has a high or ~ 


low, as the case may be, maintenance cost. 
The writer, for instance, has had instituted 
at all Hanna plants a maintenance cost 
system which not only gives management 
comparative maintenance costs between 
plants but provides maintenance cost in- 
formation on practically every type of 
equipment or process used by the company 
in its preparation plants. 


R. M. Hunter (author’s reply)—I am 
gratified that, in the discussion of this 
paper, the sentiments expressed are in 
agreement. If this large area of agreement 
can be converted into action, I believe that 
definite improvements in costs and product 
can be achieved. 

I would like to re-emphasize my convic- 
tion that successful maintenance must start 
with design, and that all efforts possible 
should be made to assure adequate capacity 
and provision for maintenance. In this 
connection management has a governing 
voice. 

I agree with Mr. Zimmerman’s sugges- 
tion as to higher qualifications for main- 
tenance supervisors. However, attracting 
and holding first class men for this work 
constitute a problem that has received too 
little thought. It is my feeling that this 
phase of the problem presents a very real 
challenge; especially in the present labor 
market. é 
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Coal Dock Operations of the North Western-Hanna Fuel Company 
at the Head of the Lakes* 


By J. T. Crawrorp,t Mremper AIME 


(White Sulphur Springs Meeting, November 1948) 


ALTHOUGH nearly 10 pct of the total 
tonnage of coal produced annually within 
the United States is handled by bulk 
freighters on the Great Lakes, very little 
of the detail connected with it has been 
published other than occasional newspaper 
stories and publication of tonnage sta- 
tistics. Of the total tonnage floated on the 
Lakes each year some 10,000,000 is stored 
and distributed from the port of Duluth- 
Superior, at the western end of Lake 
Superior commonly known as the Head of 
the Lakes. This port has the largest single 
area concentration of coal docks in the 
world. Since this area contains the largest 
ore docks, the largest movable material 
handling bridge, the largest and highest 
grain elevator and the largest coal bri- 
quetting plant in the world, it is entirely 
fitting and proper that here also should be 
located the largest coal dock and what we 
believe to be the world’s largest clam shell. 

Of the sixteen coal docks operated by ten 
companies, five are owned and operated by 
the North Western-Hanna Fuel Co. which 
has two docks on the Superior, Wis., water- 
front and three docks in Duluth, Minn. It is 


_ with these five docks that we are primarily 


concerned. 


* This paper was presented at the Joint 
Meeting of the AIME-ASME Fuels Con- 
ference, November 3-4, 1948. Manuscript 
received at the office of the Institute June 14, 
1948. Issued as TP 2481 in CoAL TECHNOLOGY, 
November 1948. ; 

+ General Superintendent, Lake’ Superior 
Operations, North Western-Hanna Fuel Co., 
Duluth, Minnesota. 


GENERAL HIsToRY 


In the summer of 1871 a small sailing 
vessel entered the harbor of Duluth- 
Superior with the first commercial coal 
cargo. All the coal brought up that first 
year did not amount to more than 3000 
tons. During the year 1877 the first dock 
equipped for handling coal was built in 
Duluth. Coal receipts increased to 52,785 
tons in 1879 the first year for which an 
official record was kept. Since then the vol- 
ume of water-borne coal to the Head of the 
Lakes steadily increased to a maximum of 
12,688,321 tons in the year 1923. This 
tonnage was nearly equalled in the year 
1927 and the next highest tonnage recent 
year was in 1946 when 10,105,703 tons were ~ 
unloaded. The average annual bring-up 
over a ten year period 1938 to 1947 was 
8,605,231 tons. Approximately 30 pct of 
the coal unloaded at the Head of the Lakes 
is handled over the docks of the North 
Western-Hanna Fuel Co. Competition of 
other fuels coupled with expansion of coal 
fields in the mid-west have held coal 
receipts for Duluth-Superior at a relatively 
constant figure during the last eight years 
although the total tonnage of coal floated 
on the Great Lakes has more than doubled 
in the past 25 years. 

From the shovel and wheelbarrow 
method of unloading early cargoes to the 
horsepowered windlass derrick with a 
wooden tub was but a short step. The first 
movable coal handling, steam operated, 
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steel bridges were constructed on Rices 
Point, Duluth, during 1888 and the first 
clam shell bucket was used on a Superior 
dock about 1896. 

As the tonnage increased rapidly between 
the years 1890 to 1o1o, the early dock 
operators’ ingenuity was sorely taxed keep- 
ing in step with mechanical progress. Sta- 
tionary unloading towers of varied types 
powered by mule team or steam and, in at 
least one instance, by a steam driven line 
shaft over 1800 ft long, were used in con- 
junction with hand loading of the steel tubs 
that replaced the earlier wooden ones. 
These were closely followed by the addition 
of cable car systems for transportation of 
the coal from the unloading towers to the 
dock storage areas. The stationary wooden 
towers were replaced by movable steel 
towers, either steam or electrically driven, 
and these were in turn replaced by movable 
steel bridge spans equipped with rope or 
man trolleys and the clam shells that are 
in use today. The early operation of un- 
loading boats was very crude in most in- 
stances. At that time stevedores shoveled 
the coal first into wooden tubs and later 
into steel self-righting tubs. These were 
then hoisted first with horses and later with 
' steam hoists, carried back over the storage 
area and dumped into stock piles, first with 
wheelbarrows and later with push cars and 
trolleys on bridges. This method lasted 
until about 1900. Many of the docks pre- 
pared bituminous coal for shipment by 
screening the coal over stationary inclined 
screens similar to the type used by plaster 
tenders in screening plaster sand. This 
screened coal was then shoveled into wheel- 
barrows and dumped into box cars. This 
operation was used as late as 1910. 

About 1905 coal dock activity and ex- 
pansion started at an increased pace. The 
clam shell bucket for handling coal had 
been perfected. Most of the existing docks 
were old and obsolete and the market for 
Lake coal was expanding. The coal com- 
panies began rebuilding their docks and 
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enlarging and equipping them with more 
modern coal handling machinery. Many 
new docks were constructed. This activity 
and expansion continued until about 1922. 
Since then only three coal handling bridges 
have been built; one in 1926 and two in 
1929. Since 1930 this trend has been re- 
versed as some bridges have been removed 
on docks where reduction of tonnage or 


addition of auxiliary facilities made all of - 


the original structures no longer necessary. 
In three instances docks formerly handling 
coal have been converted and are handling 
either grain screenings or limestone. 

At the present time it is possible to see 
equipment erected as early as 1905 almost 
side by side with modern structures 
erected in 1929 with all of the variations 
that occurred between those dates. During 
the era of intensified construction and over- 
expansion between 1905 and 1915 many 
tremendous sheds were erected on docks 
primarily for the covered storage of an- 
thracite coal. These structures covered a 
floor area as much as 240,000 sq ft. With 
the decline in anthracite tonnage after 1930 
many of these were torn down; of the four 
remaining only one is used for anthracite, 
the others covering grain screenings or 
domestic stoker coal. 

It is noteworthy that few, if any, funda- 
mental changes were made in coal bridge 
structural design between 1912 and 1930, 
most of the changes to the bridges theni- 
selves during that period having been 
confined to the method of propulsion and to 
maintenance detail. The early bridges were 
usually propelled by a single motor coupled 
to all the legs of a bridge by a long and 
exceedingly jointed lineshaft system com- 
prised of literally hundreds of universal 
joints and bevel gears, while the later built 
bridges are moved by individual electrically 
interlocked drives on each bridge leg. 

Practically all of the progress during 
later years has been directed toward in- 
creasing ‘the capacity of existing structures 
and in improvements to or building of bet- 
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ter screening plants and loading facilities. 
Prior to roto, the bulk of the tonnage con- 
sisted of three sizes: Mine Run, 114-in. 
Lump and o X 1)%-in. Screenings. Be- 
tween 1910 and 1930 occurred the develop- 
ment of the sizes known as Block, Lump, 
Egg, Stove, Stoker, 2-in. Screenings, 14-in. 
Screenings and 34-in. Screenings with a 
slight but very definite trend during the 
past 15 years away from the Block and 
Lump sizes toward the Egg, Stove and 
Stoker sizes. During the 1910-1930 period 
all screening was accomplished by shaker 
and trommel screens. From 1930 the trend 
toward more screening has continued with 
particular emphasis on the stoker sizes. 
Whereas formerly a great deal of tonnage 
consisted of Mine Run and Lump sizes, the 
bulk of the tonnage tends to trend to the 
minus 3-in. sizes including both the Stoker 
grades and Steam Slack. This trend is 
almost entirely responsible for the present 
modern screening equipment now in use on 
the coal docks. Those docks which have not 
modernized their screening equipment have 
their smaller sizes prepared entirely at the 
mines and stock them on the docks. As a 
result, regardless of the type of equipment 
used, the preparation and sizes of coal 
loaded by all docks at the Head of the 
Lakes are reasonably comparable. The 
docks which have not modernized both 
their screening plants and handling equip- 
ment have been penalized by higher op- 
erating costs as well. Modernization. of 
screening equipment in most cases has not 
included the replacement of the original 
shaker screens as this equipment is not only 
satisfactory but desirable for the prepara- 
tion of the larger sizes of Lump and Egg or 
any +214-in. size. Trommel screens which 
were formerly used for preparation of 
smaller sizes have been entirely replaced by 
vibrating screens of various types. Choice 
of vibrating screens on most docks has 
largely depended upon available space in 
existing structures. 


457 


SUBSTRUCTURES 


All five of the North Western-Hanna 
Fuel Co. docks at Duluth-Superior are 
constructed with sand and rockfilled timber 
cribs for dock facing next to the boat slip 
and three have a concrete dock front con- 
struction above low water datum. This 
construction was used at a time when hem- 
lock timber could be purchased for $18.00 
to $20.00 per 1000 and labor rates ranged 
from 20 to 4o¢ per hr. The cost of duplicat- 
ing this crib construction today would be 
prohibitive. The accepted type of dock 
front-construction used today is a steel 
sheet pile dock front with timber wales for 
dock and vessel protection. It is the type of 
dock front used recently in building coal 
docks at other lake ports. At some of the 
docks the original timber cribs were only 
17 to 18 ft deep below low water datum as 
that was apparently sufficient in 1900-1910 
for the vessels then operating on the Lakes. 
Vessel slips today must be dredged to a 
depth of 22 ft to accommodate the desir- 
able large freighters of 10,000 to 18,000 ton 
carrying capacity. This condition requires 
careful dredging in order to leave a rising 
bank of sand along the edge of the slip for 
the cribbing to rest on. Should a vessel 
overwork its propellor while lying along- 
side, the undercurrents set up can easily 
suck hundreds of yards of sand fill from 
behind a shallow cribbing in a matter of 
minutes. A severe storm can also remove 
hundreds of yards of fill from underneath 
such construction particularly if the 
shoulder on which the crib sits is too nar- 
row. Fortunately such occurrences are not 
frequent. Cribbing or sheet piling are 
usually prevented from overturning or 
bulging outward into the slip by tie 
rods spaced at regular intervals and an- 
chored either to dead man anchors or to 
the piling used to support the bridge run- 
way foundations. 

The bridges at Docks No. 2 and 3 require 
three runway foundations because of the 
use of a gantry or portal type pier instead 
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of an inverted pier for the bridge. Bridges 
at Docks No. 1, 4 and 5 are of the inverted 
pier construction type and hence require 
only two runway foundations. Without ex- 
ception, runway foundations are all set on 
piling. The bridge runway rails at Dock 
No. 2 are set on a I- X 12-in. steel plate 
fastened to the two 12 X 14 in. timbers 
supported by the piling. The other four 
docks have a concrete runway foundation 
supported by the piling. A 1- X 12-in. steel 
plate rests on the concrete and in turn 
supports the rail on which the bridges 
travel. The 1- X 12-in. plate was not in- 
cluded in the original construction but has 
been added in recent years to reduce 
maintenance on both foundation and rail. 
Virtually all of the original rail, section 
10040 in 33-ft lengths, is in the process of 
being changed over to section 11228 in 
66-ft lengths. Since with individual bridges 
the wheel load may vary from 50,000 to 
96,000 lb per wheel it is not uncommon to 
find a “‘bead”’ of as much as 4 in. on either 
side of the ball of the rail where it has been 
rolled out and over from the top surface of 
the rail because of the heavy wheel loading. 
Bridges supported on three runways travel 
on a single rail per runway; and bridges 
supported on two runways invariably 
travel on dual rails set on each runway at 
about 30-in. ga. 

The filling of all five docks is mostly clean 
sand originally pumped in from the bay or 
river channel. Where this is the case, any 
water occurring on the docks readily drains 
down through the sand and full advantage 
of this is taken whenever possible. Dock 
flooring on top of the sand filling was 
formerly 2-in. planking which is rapidly 
being replaced by 6-in. non-reinforced con- 
crete. Wooden flooring ordinarily was given 
a life use of 7 years but this was largely de- 
termined by how long and when the wooden 
flooring was exposed to the sun or when a 
section of dock floor could be vacated for a 
sufficiently long period to relay an area, At 
the present writing 6-in. non-reinforced 


concrete can be laid for 2 to 3¢ per sq ft 
more than 2-in. maple hearts and concrete 
floor experience has been good over a 25 
yr period. While clean-up of a concrete 
floof is harder on clam shell bits, large 
areas can be easily cleaned up and scattered 
ridges repiled with bull dozers or preferably 
rubber tired industrial tractors fitted with 
various makes of scoop buckets. Clean-up 
with this type of equipment is simple on 
concrete flooring but on wooden flooring the 
process is slower as more care must be 
taken not to start pick-up of the wooden 
floor planks. Bunching loose coal with this 
smaller equipment on concrete floors re- 
lieves the big bridges of a great deal of slow, 
time consuming work. 


BRIDGE STRUCTURES 


The two bridges on Dock No. 1 (Fig 1) 
and the one bridge each on Docks No. 4 and 
5 (Fig 4 and s) are of the inverted pier type 
while the three bridges on Dock No. 2 (Fig 
2) and the two bridges on Dock No. 3 (Fig 
3) are of the gantry or portal pier construc- 
tion. (See also Fig 6, 7, 8, 9 and 10). While 
the gantry pier construction was believed 
to be outmoded between 1915 and 1935 it 
is interesting to note that some ore bridges 
built recently have the pier end made up of 
gantry construction on which is superim- 
posed an inverted pier construction. All 
nine bridges are of the skew type with a 
skew limit of approximately 5 pct. All have 
100 pet drive on all truck wheels. Bridges at 
Docks No. 1, 4 and 5 have fixed cantilevers 
and all bridges at all five docks, of course, 
have lift booms at the slip or unloading end, 
The bridges at Docks No. 2 and 3 have 
their main screening plants within or 
attached to the gantry pier ends which are 
at the unloading or slip ends of the bridges 
and those at Docks No. 1, 4 and 5 have 
their screening plants located within or 
attached to the inverted piers which also 
support the fixed cantilevers on the ends 
away from the vessel slips. Docks No. 1 and 


2 have loading hoppers and box car loading 
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equipment in the shear legs but Docks No. 
3, 4 and 5 do no loading whatsoever through 
the shear legs. Dock No. 3 bridges have 
short shear legs traveling on an elevated 


COAL DOCK OPERATIONS OF THE NORTH WESTERN-HANNA FUEL COMPANY 


is supported by two sets of steel plates: 
separated by tapered steel rollers. In either 
case a king pin, centered between the two 
support points of the gantry or portal type 
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Fic 1—BrinGeE No. 2 at Dock No. 1. 
Fic 2—BrinGEs aT Dock No. 2. 


A frame trestle as the single span bridges 
on this dock were once the first spans of 
three-span bridges. 

The pier leg is the stability member of 
each bridge and if of the inverted type 
supports the truss structure of the span at 
four points on the top of the inverted pier. 
These points of support consist of flat 
plates, generally bronze plates sliding on 
steel, but often of steel on steel and provide 
a surface for the superstructure to slide on 
the pier leg when the bridge is skewed. 
On the gantry or portal pier type the span 


pier or between the 4 points of the inverted 
type pier at the center of rotation, serves to 
keep the truss and pier leg sliding plates in 
alignment. 

The shear legs consist of a single plane 
construction from the top cross members of 
which the shear end of the span may be 
suspended by two eye bars. A king pin 
centered between the two eye bars keeps 
the shear end of the span centered in the 
shear. Since the holes in the span members 
admitting the king pin are slotted longi- 
tudinally with the center line of the bridge, 
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Fie 3—Brinces at Dock No. 3. 
Fic 4—Bripce At Dock No. 4. 


- Fic 5—Briwce at Dock No. 5. 
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the bridge span may expand and contract 
without rocking the bridge on the pier legs. 
This feature also is extremely useful when 
the shear and pier runways get out of gauge 
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single ball and socket joint generally of 
steel to steel contact but frequently having - 


a bronze bushed socket in which a hemi- 
spherical steel casting fits. Lubrication may 
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Fic 7—Dock No. 2 (ABOVE) AREA PLAN. (BELOW) CROSS-SECTION. 


as not infrequently happens; and it also per- 
mits inclination of the shear leg when the 
bridge skews. The more frequent and better 
type of construction has the top of the shear 
leg terminating at a point on the centerline 
of the bridge structure. In this case the 
superstructure is supported at this end ona 


or may not be provided at such a point. 
This type of construction provides any 
necessary play for the horizontal movement 
and the inclination of the shear leg if 
the bridge skews. A king pin provides 
against tipping or teetering of the span 
transversally. 
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The Dock No. 2 structures are stiff con- 
nected bridges while Docks No. 1, 4 and 5 
structures are link and pin connected. The 
Dock No. 3 bridges, which were formerly 
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type which, while considerably more 
flexible and ‘‘floppy,” are quite as satis- 
factory as the other type except that ob- 
viously the future maintenance on such 
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Fic 9—Docx No. 4—(ABOVE) AREA PLAN. (BELOW) CROSS-SECTION. 


3 span structures, have been shortened in 
length by .dropping the middle and inshore 
end spans. They are of the catenary truss 


structures will far exceed that of the other 
bridges because of so many points of wear 
in the pin connections. 
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With the exception of Dock No. 2 all the 
bridges are driven by a single motor on 
each bridge geared to all wheels (100 pct 
drive) by a complicated and many jointed 
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beams but this is not desirable as it is im- 
possible to keep rivets tight under the 
stresses involved. This construction has 
been replaced on all of our bridges. In one 
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Fic 1o—Dock No. 5—(ABOVE) AREA PLAN. (BELOW) CROSS-SECTION. 


series of line shafting working through 
many universal joints and bevel gears. This 
sort of arrangement is burdensome to main- 
tain and lubricate. The expense of changing 
over to individual drives on each leg in 
accordance with more desirable practice is 
prohibitive at the present time. Dock No. 
2 bridges are driven from three points. A 
motor drives the truck wheels on each leg 
of the shear legs and the pier end is driven 
by one motor operating through lineshaft- 
ing and bevel gears to each of the four 
corners of the gantry pier. ; 
Trolley track construction is far from 
satisfactory. If new bridges were to be 
built it would be preferable to anchor the 
track rail to the track beams by using tie 
plate sections bolted or welded to the span 
and any one of several types of spring held 
clips to clamp the rails to the tie plates fol- 
lowing the same procedure as used by rail- 
roads where endless rail is used. In the 


original construction of the bridges the — 


trolley track rails were riveted to the track 


instance the rivets have been replaced with 
ordinary machine bolts equipped with self 
locking thread which has been reasonably 
satisfactory; another bridge had the rivets 
replaced with tight driven ribbed bolts with 
self locking threads and nuts which are no 
better than the machine bolts with a self 
locking thread. A third method of stitch 
welding the rail to the track beams has been 
used on seven of our bridges with what 
might be called mediocre results since there 
are usually several welds broken and re- 
welding is required most of the time. In all 
instances the best results have been ob- 
tained where the trolley rail is butt welded 
to form a continuous rail. 


TROLLEYS 


All nine bridges on the five docks are of 
the man trolley type (Fig 11). Since all 
clam buckets are of the two-line type each 
trolley carries two rope drums either on the 
same shaft and driven by one motor 
through clutches and friction bands as is 
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the case with both trolleys at Dock No. 3 
and one trolley at Dock No. 1, or each 
drum (both the hoisting line and the hold- 
ing line) is driven by its own motor. 
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of continuous herringbone gears thus pro- 
viding a most satisfactory and nearly 
noiseless trolley travel since the trolley 
suspension is of the spring type permitting 
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Fic 11—TvyPIcAL MAN TROLLEY LAYOUT. 


Travel motors on one trolley at Dock No. 1 
are supported in cradles attached to the 
axles of the trolley via roller bearings and 
permit the continuous engagement of the 
driving pinion and axle gears at fixed 
center distances regardless of the spring 
action of the trolley proper. This attach- 
ment of the motot cradles integral with the 
axle rather than with the trolley itself pro- 
vides proper engagement of the teeth of the 
motor pinions and axle gears at all times. 
On this particular trolley it permits the use 


considerable vertical movement between 
the trolley frame and the axles. Unfor- 
tunately all the other trolleys have the 
motor bases situated directly on and in 
the trolley frames so that the motors move 
with the trolley frame. While the varying 
center distances between the motor shaft 
and axle shaft are short and not too dis- 
turbing to spur gearing, this does not lend 
itself to herringbone or spiral gear teeth. 
Change over to the other type of motor 
mounting is not economically feasible since 
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redesign of the entire trolley would be re- 
quired. The one trolley at Dock No. 1 previ- 
ously referred to is a newer type trolley 
constructed of light weight materials in 
1935. Trolley wheels are all of rolled steel, 
rim toughened. With the exception of the 
trolleys on the Dock No. 2 bridges, all are 
equipped with turntables of one kind or 
another permitting rotation of the bucket 
through a 9o° or more arc to enable better 
clean up of a vessel during the unloading 
operation after the clam has been lowered 
through the hatch opening. On the original 
trolleys at Docks No. 1 and 3 this is accom- 
plished by rotating a heavy turntable which 
carries the hoist motor and both the closing 
and holding line drums. On one trolley at 
Dock No. 1 and the trolleys at Docks No. 4 
and 5 the two rope ends are anchored to a 
ring turntable rotated by a worm gear. 
Rotation of the rope end ring provides 
rotation of the clam bucket. 

In the three older trolleys at Docks No. 1 
and 3 the operators and the control panels 
share the same cab. In the other trolleys 
the operator’s cab is located beneath the 
control room and hence is better situated 
for both visibility and safety of the 
operator. 

The trolleys at Docks No. 1, 4 and 5 are 
equipped for full dynamic braking since 
these docks are operated on 550 volt dc 
current. The trolleys at Dock No. 2 are 
powered with 440 volt ac (25 cycle) and 
since the control contactors are air op- 
erated the trolleys are equipped with air 
brakes. At Dock No. 3, also powered by 
440 volt, 25 cycle ac, all brakes on the 
trolleys are hand operated as available 
space does not provide for electric or air 
brakes. The material result of this is that at 
Dock No. 3 all braking of both hoist and 
rack is done by plugging the motors which 
gives rapid operation. Since the motors and 
controls recently installed are designed for 
this, no harm is done. Normal operation at 
the other docks includes much plugging of 
the motors since this results in faster opera- 


tion and less operator fatigue. Only at Dock 
No. 2 are the brakes used consistently. 

Some modernization has been accom- 
plished on the trolleys themselves. The 
present trolley on No. 1 bridge at Dock No. 
rt replaced the entire original trolley. Pri- 
marily it was designed and built to reduce 
trolley weight so that a larger capacity clam 
could be used without much increase on the 
bridge structure itself. The trolley is en- 
tirely modern, being built of aluminum and 
low alloy steel. It has fan cooled ribbon 
resistances, enclosed herringbone gearing, 
and all bearings of the anti-friction type. 
The net result, coupled with a slight rein- 
forcing of the bridge structure itself and 
including a light weight clam shell, in- 
creased the effective capacity of the clam 
bucket from an original 6 tons to its present 
14 ton capacity. On the No. 2 trolley at 
Dock No. 1 a recent replacement of the 
control panels plus replacement of the 
original cast grid resistors with edge wound 
resistances resulted in a net weight saving 
of 4125 lb. On this bridge a new light weight 
clam has increased the clam capacity from 
6 tons to 8% tons without increasing the 
gross weight of the loaded clam. The partial 
modernization of the trolley has not only 
increased the capacity but has effected a 
substantial saving in weight on the span 
which should be reflected in decreased 


maintenance of the bridge structure and is 


deemed to be a valuable saving in view of 
the age of these 1910 structures. Moderni- 
zation of the Dock No. 3 trolleys and re- 
placement of the clams with light weight 
buckets have increased the capacity of the 


buckets from 6 tons to 844 tons and effected — 


a saving in weight on the trolley alone of 
7138 lb. This was accomplished by new 
control panels, edge wound resistances in 
place of the previous cast grid resistors and 
a change in the rack gear ratio which in- 
creased acceleration and reduced an unused 
top speed thereby permitting use of 75 hp 
motors in place of the original 112 hp. In 
this case also the net weight saved in the 
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trolleys reduced the weight on the span 
since the increase in clam capacity resulted 
from the weight saved in the clam itself 
plus some minor reinforcing to the bridges. 
The natural question here would be to ask 
why the 7138 lb of weight saved could not 
be applied to a larger clam. This is not 
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oil journals on the trolley axles to roller 
bearings; and other bearings are in process 
of being changed over. 


GENERAL BRIDGE SAFETY FEATURES 


Not the least of the auxiliary items at- 
tached to parts of the bridge structures and 


Fic 12— AUTOMATIC CLAMPS, STORM STRUT, AND WHEEL WEDGES IN PLACE WHEN BRIDGE IS IDLE OR 
TIED UP BECAUSE OF HIGH WINDS. 


advisable for two reasons. The age of the 
bridges makes it expedient to reduce the 
weight on the spans; and the additional 3.5 
tons, added to the closing and holding 
ropes, would measurably shorten the life of 
those cables since they are operating with a 
factor of safety of only 2.4. Increased 
diameter of the ropes would require new 
and larger drums which would necessitate 
entirely new trolleys which would not be 
warranted at present construction costs on 
spans of the type and age of those at Dock 
No. 3. 

Of the nine trolleys only the light weight 
trolley at Dock No. 1 was originally con- 
structed with roller bearings. All of the 
others have been changed from the original 


trolleys for the purpose of protecting the 
equipment and operating personnel are 
such items as hoist limit devices, skew 
limit devices, trolley bumpers, anemom- 
eters and other wind velocity indicators, 
boom latches, rail clamps, storm struts, 
wheel wedges, and others. 

Rail clamps (Fig 12) are of very simple 
construction in that primarily they consist 
of a very heavily constructed and powerful 
set of toothed jaws anchored to the sill of 
the pier and shear legs and so arranged as 
to clamp firmly to the ball of the bridge 
travel rail. The clamps are either spring or 
weight set and motor released. Clamps are 
installed to operate independently of the 
bridge operator in case of winds over 35, 
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mph velocity—the electrical controls for 
this feature being activated either by 
anemometers or swing paddle wind gauges. 
In addition, the clamp controls are inter- 
locked with the bridge travel controls so 
that the clamps set automatically when 
bridge travel stops and release prior to the 
start of it. In case of power failure or in- 
terruption of the bridge travel power by the 
anemometers in case of high winds the 
clamps set automatically. Adjustment of 
the clamps on each end of each bridge is 
tested periodically with full power on the 
bridge moving motors. Clamps should 
withstand this sort of test without sliding 
or loosening and thus prevent the bridge 
from moving. 

During periods of non-operation of the 
bridges, either during a normal shutdown 
or a stoppage of operation due to high 
winds, wooden or steel wedges are placed at 
each wheel to deny rolling movement to the 
bridge travel wheels; and storm struts 
(strong steel section bars hinged to the 
pier and shear sill ends) are clamped or 
bolted by hand to the bridge rail or to its 
foundation and serve as additional and 
supplementary aids to the main automatic 
clamps. 

Hoist, skew and bridge travel are fitted 
with limit switches to prevent in each case: 
hoisting too high; the bridge from skewing 
past the danger point with the travel power 
on; and the bridge moving into the bridge 
rail bumpers with the travel power on. It is 
taken into consideration with all of these 
devices that the operator may be engaged 
in some other activity, become momen- 
tarily absent minded, or incapacitated for 
some reason while the bridge, trolley or 
hoisting drums are in motion. Therefore 
“dead man” or self centering controls are 
installed wherever possible. 

* Two types-of trolley bumpers are im use: 
the swinging beam or squeeze clamp type 
which bears on the trolley wheel, and the 
spring box type which absorbs the thrust of 
the trolley frame. 


Anemometers, both of the Burton rotat- 
ing cup type, recording and non-recording, 
or of the Stenbol swing paddle type, are 
provided for each bridge and in each case 
make contact with the necessary controls 
to cut off all bridge moving or travel power 
and to set the bridge clamps at wind veloci- 
ties in excess of 35 mph. 

Boom latches are provided on each boom 
mast so that when the boom apron canti- 
lever sections are raised, as they all: are 
during the navigation season except while 
actually unloading vessels, the booms are 
safely held in the raised position without 
any strain on the boom raising and lowering 
cables. 


BUCKETS 


Clam shell design and the materials used 
in the construction of them changed but 
little between 1910 and 1935. Since that 
time much has been accomplished both in 
increase in maximum capacity and a de- 
crease in dead weight to live weight ratio. 
Whereas at one time a 1.25:1 ratio was 
acceptable it is now commonplace design 
and construction to have a clam weight to 
pay load ratio of 1:1.25. Clams have been 
operated where the ratio was as high as 
1:1.34 but with the extremely hard service 
given these buckets the maintenance was 
judged to be excessive and it was found 
necessary to add sufficient reinforcement to 
provide for longer periods of uninterrupted 
service. Addition of the necessary reinforc- 
ing provided a satisfactory clam but re- 
duced the weight ratio to r:1.25. By the 
use of such light weight clams which re- 
versed the dead weight to pay weight ratio 
the capacity of the bridges in unloading or 
reloading of unscreened coal has been in- 
creased considerably without increasing the 
weight on the bridge spans or requiring 
larger hp motors. Where it was deemed 
advisable to try to increase the use life of 
the bridges themselves the substitution of 
lighter weight buckets of the same capacity 
as those replaced gave a net reduction in the 
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live load_on the span. With the clams now 
operating the maintenance is but little more 
with the light weight buckets than with the 
original heavier ones. All of them have had 


ee 
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(Fig 13). The subject of clean-up clams is 
frequently controversial and it is not pro- 
posed to expand the subject here. Suffice it 
to say that where trolley turntables are 


Fic 13—4-TON CAPACITY CLEAN UP AND 8-TON CAPACITY DIGGING CLAMS, Dock No. 2. 
F1G 14—22-YARD CLAM AT Dock No. 5. 


a few ‘“‘bugs” which have been patiently 
removed. Particularly at Docks No. 1 and 
3, where clean-up clams are not used, the 
digging clams not only handle all the coal 
off the dock including the “clean up” 

the dock floor but also handle all coal out of 
vessels including the clean up off the steel 
bottom of the lake freighters. At Docks No. 
2, 4 and 5 clean-up clams are used for 
finishing up unloading of vessels and also 
during the spring of the year in cleaning up 
the dock floors thus relieving the digging 
clams of a great deal of shock and jolting. 


available and where auxiliary equipment 
such as tractors can be placed within the 
boats to feed the digging clams during the 
clean up period there seems now to be little 
justification for equipment such as clean-up 
clams which have such a limited use for 
other phases of the operation. 

As far as is known, the clams at Docks 
No. 4 and 5 (Fig 14) are the largest on the 


.Great Lakes and probably the largest in the 


world. Larger clams could be built but 
there would be little use for them since 


radical changes in naval architecture would | 


, 


ee ae ee 


ae 


Rt Ree 
. : 


J. T. CRAWFORD 


be necessary to accommodate buckets 
larger than the 22-yd clam now in use at 
Dock No. 5. Most of the clam buckets in 
use have been limited to 6 ft 6 in. in width 


to provide ready entry into the 8 ft wide 
hatches which were so prevalent in early 
vessels. Since the greatest percentage of 
bulk freighters plying the Lakes now have 
g ft hatches the use of 7 ft 3 in. and 7 ft 6 in. 
wide clams has caused us no concern and 
they have been used in case of necessity on 
8 ft wide hatches although this requires 
accurate spotting of the bridge and a hoister 
with a very light touch. Clams with a width 
of 6 ft 6 in. having a capacity larger than 
about 12 tons of bituminous coal are in the 
writer’s opinion not feasible since at about 
that capacity the ratio of opened length to 
free inside width becomes too great and the 
clams will not dig properly nor fill to 
capacity. One major asset of the 7 ft 3 in. 
and 7 ft 6 in. width clams as compared 
to the 6 ft 6 in. width clams is the very 
materially reduced crushing which ensues; 
and where prepared sizes are handled the 
reduction in degradation in all sizes from 
Nut through Lump or Block is considerable. 


‘There is one disadvantage, with the light 


Fic 15—SCREENING PLANT IN BRIDGE PIER LEG, Dock No. r. 
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weight clams: in Block, Lump or Egg sizes 
they will not dig or fill to capacity as the 
heavier clams will do. In handling these 
sizes there is simply no substitute for 


weight. In the Mine Run sizes there is suffi- 
cient distribution of sizes so that the 
presence of the larger pieces does not inter- 
fere with the digging action of the clams. 
As with the slack and stoker sizes, the 
digging action of the clam depends upon 
the curve of the shell rather than upon the 
weight although excessive weight can make 
up for a poorly designed clam when han- 
dling the smaller sizes of material. The 
shape or curve of the back plate of the - 
clam is as important for maintenance as it 
is in digging. One excellent instance of this 
is shown by the back shell plates of three 
of our clams where this piece is made of 
1g- to 34-in. thick aluminum plate which 
has been in service for 10 years without re- 
placement or maintenance of any sort and 
shows less wear than some clams with steel 
shell back plates. As would be expected, 
most of the wear occurs on the lip or bits 
which, if properly maintained with hard 
surfacing and occasional replacement with 
manganese wedge bars on the cutting 
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edges, makes little difference as to the 
material of which the main section of the 
lips is made. Practically, a vanadium or 
nickel alloy steel or in fact ordinary AISI 
1020 steel is perfectly satisfactory and rela- 
tively easy to maintain. 


SCREENING PLANTS 


In some instances, the screening plants 
are incorporated as a part of the bridge 
structure (see Fig 15). They are suspended 
between the legs of the pier or shear end of 
the bridge. In other instances, the screening 
plant is a separate unit attached to the 
bridge leg and rolling on the same rails but 
supported on its own wheeled truck struc- 
ture. In general, where the screening plant 
is a portion of the bridge structure or is a 
separate structure, the operation consists 
of picking up Cargo or Dock Run sizes, 
screening out the largest size, which is then 
loaded, while the resultant undersize or 
Screenings is redeposited on the dock. This 
screen undersize is then picked up and run 
through the screening plant which in the 
meantime has changed its screening plates 
to the next smaller size. This operation may 
be continued as many times as there are 
desired sizes. The consequent breakage or 
degradation may well be imagined. Some 
screening plants are equipped so that two 
or three sizes may be recovered at the same 
time; although only one size may be loaded, 
the other sizes are stored in small 50 to 60 
ton bins incorporated as a part of the 
screening plant. This is a convenient ar- 
rangement provided the sizes recovered 
may be balanced against the tonnage of 
sizes to be loaded and shipped. Such a 
situation is ideal but seldom achieved and 
it generally means that the sizes deposited 
in these small storage bins are eventually 
dumped back on the dock and recovered 
with additional screening at some future 
time. It is, however, an improvement over 
the first method as the tonnage to be re- 
handled each time is considerably less. 

In recent years two installations, at 
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Dock No. 1, Superior, and Dock No. 3 in 
Duluth, have been made which to a large 
extent have eliminated the rehandling of 
so much tonnage with the bridge spans. In 
these instances, concrete tunnels have been 
placed underneath the floor of the docks so 
that by means of small steel gates located 
in the roof of the tunnel, the coal may be 
drawn from the dock storage area through 
the roof of the tunnel onto belt conveyors 
running down the centers of the tunnels. 
The. belt conveyors deliver the coal to 
modern screening plants located at the top 
of bin storage structures. In such installa- 
tions, the screening process is virtually con- 
tinuous as all sizes are recovered in one 
operation, each size of each variety of coal 
being placed in separate bins. From the 
bottoms of these bins, the coal is drawn out 
into trucks or onto conveyors which deliver 
it to a central car loading point. Any deg- 
radation resulting from the storage of the 
coal in the bins is removed by a small 
auxiliary vibrating screen prior to loading 
of the railroad cars. The use of such com- 
binations of tunnel and bin screening plants 
has made a marked reduction in the break- 
age or degradation and a definite increase 
in size realization. The extent of this deg- 
radation is almost unbelievable in some 
coals. Such coals as the Pocahontas varie- 
ties, which may leave the mines as plus 
7 in. Lump may have an average recovery 
off the docks of only 15 pct of the same size. 
This, then, means that 85 pct of the ton- 
nage of this coal left the mines as Lump and 
is recovered from the docks and shipped 
only as the smaller sizes. Even the firmer 
structure Pittsburgh, Splint, and Elkhorn — 
varieties leaving the mines as plus 5 in. 
Lump are recoverable off the docks at per- 
centages between 40 and 60 pct of the 
original size. The rehandling of this deg- 
radation to recover the other sizes results 
in almost equivalent breakage. The ton- 
nage of Lump sizes handled is steadily de- 
clining so that at the present time most of 
the effort is being made to increase the 
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recovery of Egg, Stove and Stoker sizes 
from Cargo sizes. The advantages of the 
tunnel system over the present bridge han- 


dling systems will readily be realized when’ 


it is noted that the tunnel system handles 
the coal once to recover three to five sizes 
whereas the bridge screening plants nor- 
mally require as many handlings as there 
are sizes to be recovered. 

The only additional handling required 
with the tunnel plant system is the move- 
ment of coal from the dock storage area 
to the space above the tunnels. During the 
navigation season, this rehandling is seldom 
necessary as fresh cargoes are placed on the 
tunnel areas rather than over the entire 
storage area. Only the excess necessary for 
movement during the winter season is 
stored off the tunnels. By no means all of 
the degradation occurs on the docks as part 
of it is made when the coal is loaded into the 
cars at the mines, followed by breakage 
caused by vibration of the cars in transit, 
the loading of the lake freighters, and the 
movement of the vessels during their trip 
up the Lakes. 


OPERATION 


Probably one of the worst situations con- 


_ fronting the entire coal dock industry at the 


Head of the Lakes is the variety of equip- 
ment into which an even more varied 
number of sizes and kinds of coal must be 
loaded. Consignees may order their coal 
loaded into equipment for shipment over 
any one of seven different railroads. The 
particular kind of equipment may be 
gondolas, box cars, ore cars, or steel hop- 
pers. The sizes comprise Block, Lump, Egg, 


-- Stove (2 sizes), Nut, Stoker, Run-of-Pile, 


and four sizes of Screenings from 214 in. to 
34, in. All of these variables, combined 
with 20 to 30 kinds of coal from Pennsyl- 
vania, Ohio, West Virginia, Maryland, 
Virginia, Kentucky and Tennessee, result 


- in a number of operating and engineering 


problems which are frequently complicated 


| by weather combinations of snow, 50 mile 
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winds, and occasionally 30 below zero 
temperatures. 

The following Table 3 of tonnage capaci- 
ties of the docks is based solely upon ex- 
perience, observations, and studies of 
tonnages handled by each unit over a period 
of the past ten years. It represents what is 
believed to be a logical balance between 
unloading and reloading capacities of each 
unit for the size and class distribution of 
coals presently utilized in the market area 
served by these docks. 


TABLE 3—Dock Capacities in Tons 


Max. 
Theo- Max. Peak 
; retical ees Annual Annual 
Unit Calc. ‘Actual Advis- Possible 
Block Dead able Produc- 
Storage Storage Turnover tion 
Dock 1 980,000 725,000} 850,000} 950,000 
Dock 2 580,000 385,000 650,000 700,000 
Dock 3 260,000] 220,000] 400,000] 450,000 
Dock 4 540,000} 345,000] 450,000] 500,000 
Dock 5 670,000} 425,000 550,000} 600,000 
Total... .] 3,030,000] 2,100,000] 2,900,000] 3,200,000 


Study of these tonnages shows what ap- 
pears to be some rather obvious discrepan- 
cies, particularly on Docks No. 2 and 3. 
On Dock No. 2 the comparatively large 
tonnage is possible because of: (1) Type of 
coal handled—large piles of commercial 
screenings or slack or Mine Run; and (2) 
regular and predictable movement of 1200- 
1600 tons daily during most of the naviga- 
tion season to one account via trucks all | 
loaded by cranes thus freeing bridges for 
unloading and loading of other coals. On 
Dock No. 3 the tonnages shown are readily 
accomplished because: (1) A large propor- 
tion of retail and car lot shipments are 
handled through the tunnel thus freeing 
the bridges for unloading during navigation 
season and for rapid loading of direct 
loading coals; and (2) practically all coal 
screened is loaded out instead of being 
returned to the dock area for storage; in 
other words, shipments of sizes made in the 
tunnel plant are made to balance. 

The approximate period April 10— 
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December 4 covers the extreme navigation 
season for the Head of the Lakes. During 
this period the bulk freighters carrying coal 
must be unloaded at the docks by the 
bridges and of course coal must be reloaded 
during the same period. Thus 24-hr days 
and 7 day weeks are not infrequent occur- 
rences and are more apt to be the rule 
than the exception. December, January, 
and February are, like October and Novem- 
ber, ordinarily months of heavy shipments 
and so the extreme weekly hours usually 
extend into those non-navigation months 
as well. March, April and May when dock 
stocks are well depleted, comprise about 
the only time available for major repairs. 
Hence, during this period occur the relaying 
or repairing of such dock flooring as can 
be laid bare in sufficiently large adjoining 
areas and any major repair jobs on the 
bridge structures and screening plants. 
During the latter part of April and all of 
May, cargo unloading is apt to interrupt 
repairs; but as reloading then is not much 
of a factor, heavy maintenance can gen- 
erally be scheduled without too much 
interference. 

Ordinarily it is known at the docks two 
or three days in advance what kind and 
size of coal will actually be loaded into a 
vessel and in which compartments each 
kind is to be placed. Loading of the vessel is 
to a considerable extent governed by the 
dock storage layout plan. Since vessel dis- 
patch is important, the way a boat is loaded 
has a great deal to do with the rate at 
which it can be unloaded. By the same 
token the layout of the dock area at the be- 
ginning of a season is important since some 
coals ordinarily come forward in compart- 
ment lots and others as full cargoes. 

Once the time of clearance of a vessel is 
known it is followed up the Lakes and 
estimates made of the arrival time so that 
other dock operations can be properly 
scheduled. Dependent upon the particular 
vessel we ordinarily allow 84 hr from 
Ashtabula or 72 from Toledo to Duluth- 


Superior. A check is made on the vessel 
when it locks through the ‘‘Soo” which is 
ordinarily considered 36 hr away. The last 
contact prior to docking is made whenever 
possible by radio phone when the vessel is 
from 2 to 8 hr out at which time any for- 
seen peculiarities with respect to the un- 
loading are discussed with the Master of the 
vessel. Each dock is furnished with a daily 
copy of the Vessel Situation Report (See 
Table 4) and with “spot” information as it 
is received so that any necessary alterations 
to man-power shifts and to loading sched- 
ules can be made. Depending upon the 
storage plan, the way the vessel was loaded 
and other factors of dock operation, at a 
dock which has two or more bridges, both 
bridges may start unloading and only one 
finish or vice versa. Very little man-power 
is required during the free digging part of 
unloading. In this case the unloading shift 
consists of a hoister and an oiler per rig 
plus one straw boss. After sufficient has 
been dug out of one or more compartments 
to permit cleaning coal off the interior 
gangways, walks or tank tops, and depend- 
ing upon the detail of the interior construc- 
tion of the vessel, a clean-up gang of two 
to eight men may be required. At this stage 
of the unloading one bridge may change 
from a digging bucket to a clean-up bucket 
with larger spread and in fact where the 
trolley is not equipped with a turntable, 
this change is almost mandatory. Some 
operations find that a small bulldozer of 
D-2 or D-4 size equipped with rubber or 
wooden fill-in pads to provide traction 
on the steel bottoms or pneumatic tired 
industrial tractors equipped with hydraulic 
scoop shovels or buckets are able to clean 
up the scattered heaps and ridges left by 
the digging clams and by pushing this 
underneath the hatch openings enable the 
digging clams to get much more of a “pay 
load”? during the “clean up.’ The small 
tractors are easily placed in boats through 
the hatch openings by use of slings attached 
to the clam buckets. Where these means 
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are utilized fully, and the scheduling 
of men and auxiliary equipment is very im- 
portant, the number of men on the clean- 
up gangs can be materially reduced and 
vessel dispatch is speeded up. 

Table 5 shows the Vessel Dispatch stand- 
ing of our five docks for the period Noyem- 
ber 1 to December 5, 1947 and for the 1947 
season. 


TABLE 5—Vessel Dispatch at North W estern- 
Hanna Fuel Co. Duluth-Superior 
Docks, November and December—1947 


Tons per 

Dock Tonnage Hear 

2 59,110.20 451.81 
I 176,449.65 419.62 
5 139,442.65 | 413.58 
3 65,566.25 399.06 
76S Rn FeO ea 55,557.40 398.26 


Total—Average......... 


Cargoes Received 5)... cijerok ciere tre 53 
Spit Carvoes sistency iii eeee We ee 8 


1947 Season 


398,031.85 394.48 


Total—Average......... 2,881,167.60 434.61 
Cargoes Received............... 306 
Split Catgoes nv. cee ses terete Guar 89 


The ‘ton per hour” column does not 
give an absolute value of a dock’s unloading 
capacity since this depends not only on 
equipment and type of vessel unloaded but 
on the kind of coal and how stored. Dock 
No. 2 used 2 bridges with 8 ton clams for 
unloading while Dock No. 1 used 2 bridges 
with a 14 ton and a 7 ton clam and Dock 
No. 3 used two bridges with an 8144 and a 
6 ton clam. 

Of the five docks only Dock No. 1 has 
what might be considered average dock 
storage since it handles not only a normal 
amount of kinds and sizes of commercial 
coals requiring screening but also a fair 
proportion of direct loading Mine Run and 
steam slack. Dock No. 2 handles very little 
commercial coal, some go pct of its tonnage 


. +a 


being direct loading steam coal of Mine 
Run or slack size which can be unloaded as 
a dump and run proposition and requires 
little care in unloading on the dock. Dock 
No. 3 by contrast handles 70 pct of its 
tonnage as commercial coal of which much 
is in prepared sizes with 25 pct of the total 
tonnage being prepared Pocahontas sizes 
which being a very friable coal requires 
especially careful handling. The “tons per 
hour” shown in Table 5 for vessel dispatch 
rate includes time spent for lunch periods, 
lubrication of clams and trolleys and any 
mechanical or electrical delays or time 
spent in shifting bridges and vessels; hence 
it is an average rate of unloading from the 
time the vessel tied up and the booms were — 
lowered until the booms were raised and the 
vessel was able to depart. The split cargoes 
noted in the table are those where a vessel 
is unloaded at one or more docks and hence 
a partial cargo rather than a full cargo for 
any one dock. Split cargoes not only waste 
vessel time but increase dock cost as well 
since a split cargo can seldom be unloaded 
by using more than one bridge and the 
clean-up period is extended to two docks 
instead of one. 

Where two bridges are used in unloading 
only one rig at a time stops for lunch 
periods. During these intervals the oppor- 
tunity is taken to lubricate the trolley and 
clam. Slight mechanical or electrical repairs 
or adjustments are also made during the 
same periods whenever possible so that the 
unloading operation is as nearly continuous 
as it is possible to make it. 

During a 15 min. period, 17.5 cycles 
closely approximating that of Table 6 can be 
made readily. During such a cycle the coal is 
actually raised about 45 ft, racked 150 ft and 
dumped. Such a cycle would apply to slack 
or Mine Run coal where degradation results 
from dumping from a height onto an ex- 
isting storage pile while unloading a boat or 
transferring coal on the dock from one loca- 
tion to another. It also applies to loading of 
any kind or size of coal since emptying of 
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the bucket into the bridge screening plant 
feed hopper bin does not permit lowering of 
clam. The cycle will apply likewise to al- 
most any kind or size of coal after the 
storage area is nearly filled. 


TABLE 6—Trolley Operation Cycle at Dock 


No. 5 
Typical Performance Cycle While Unloading 
Vessel or Loading Where Trolley Run Does 
Not Exceed 150 Ft. Clam Capacity 16 Tons 
(22 Cu Yd) 


CUMULATIVE 
TIME IN Min. 


PERFORMANCE 


0.00 Start of Cycle—bucket open on coal— 
start to close 

0.09 Bucket closed with hold line starting 
to take strain 

0.10 Rack motors engaged at this point 
(accelerating) 

0.30 Holding and closing motors disen- 
gaged at limit of raising 

0.37 Rack motors shut off (coasting) 

0.40 Rack motors plugged (braking) 

0.42 Clam bucket started to open 

0.47 packet completely open to discharge 
oa 

0.51 Rack motors reverse (accelerating) 

0.64 Start to lower closing line 

0.65 Start to lower hold line with dynamic 
brake 

0.67 Rack motors plugged (braking) 

0.78 Rack motor stopped—power shut off 

0.86 All controls in neutral—bucket open 


on coal—end of cycle 


With dusty coal, where dust reducing 
sprays have not been added at the lower 
lake loading ports, it is not an uncommon 
practice during the unloading process to 
add water by means of the vessel’s fire 
hoses to those coals which experience indi- 
cates exhibit unusual tendencies toward 
spontaneous combustion in storage. This 
performs several useful functions. It 
effectively kills the dust and hence speeds 
up the unloading; it reduces segregation in 
the piles of coal on the dock which will 
reduce tendency toward spontaneous com- 
bustion; and the presence of the additional 
moisture in the pile will use up the initial 


__ heat in the pile. The reduction of segrega- 


tion in the pile is the most important. 
When the coal is damp the smaller particles 
tend to cling to the larger pieces. This 


greatly reduces the “roll” off the pile so 


that any damp coal, be it Stoker or Screen- 
ings, will end up in storage with a more even 
size consist than will dry coal. Unloading 
damp serves two purposes: the more even 
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size consist of the pile permits shipments 
from the pile with less chance of complaints 
of excessive ‘fines,’ and it reduces the 
chance of firing in those coals which have a 
tendency toward spontaneous combustion. 

On docks which are assessed at $5000.00 
or more per acre on valuable water front it 
is useless to talk of storage in terms of piles 
to to 20 ft high—under such conditions 
storage piles must be 4o to 50 ft high if full 
advantage of the property is to be taken. 
Likewise where the market requires it, a 
dock may have many small piles of from 
3500 to 15,000 tons per pile. Such piles even 
if of slack coal cannot be bulldozed and 
tamped or rolled down because of the addi- 
tional area required where space is already 
at a premium. On commercial docks there 
are few opportunities to pack and roll coal 
adequately since a pile may be lessened or 
increased from day to day. Such packing 
with dozers as can be done between un- 
loadings is certainly beneficial, particularly 
where the edges can be packed. Unfor- 
tunately most of the literature on coal stor- 
age and methods of reducing spontaneous 
combustion is confined to locations where 
plenty of space is available or where 
hundreds of thousands of tons of one kind 
of coal go into one pile. On commercial 
docks the two best ways of reducing fires in 
addition to those already mentioned are to 
ship sufficient tonnage to keep the pile 
opened up and hence cooling off, and at the 
end of the navigation season to bring up the 
coals which have the greatest tendency to 
fire. The latter is seldom feasible. Often the 
coals with the greatest tendency to firing in 
storage come up early in the season and 
generally are of the slower moving coals 
that do not get shipped until the following 
early spring. The Mine Run or Slack 
(unwashed) from the No. 8 seam in Ohio 
causes the most trouble from fires; this is 
closely followed by coal from the same seam 
mined in the Fairmont, W. Va. area, and 
coal from the No. 4 Hazard seam. Removal 
of a portion of the “fines,” say at 14 in., 
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materially reduces the tendency to firing 
and most modified screenings store fairly 
well. Washed coal, particularly where the 
—2o mesh has been partially removed and 
not re-added, handles nicely for the same 
reason. Certain Pocahontas, Beckley, Sewell 
and Midvolatile coals will fire because of 
the oxidation rate. In this respect some of 
the lowest ash-low sulphur coals are just as 
apt to fire as the high sulphur-high ash 
coals. In general however, the lower the 
rank of the coal the more the tendency to 
spontaneous combustion. Once a pile fires, 
by far the best remedy is to get sufficient 
tonnage shipped to open up the pile and 
thereby gain enough space so that the 
remainder can be turned over to permit 
cooling off. Actually and practically there 
are very few serious fires; and probably the 
tendency to fire of certain coals keeps the 
dock operations alert and consequently 
the entire operation benefits. 

Reloading is.apt to be either an extremely 
simple or a highly complicated procedure. 
After a coal handling bridge has been 
moved over the designated pile of coal the 
trolley and clam pick up and carry the coal 
to either the pier or shear leg hopper or bin 
usually of about 50 ton capacity. At all 
docks the operation known as direct loading 
merely consists of drawing coal by chute or 
conveyor from this feed bin and placing it 
either in open railroad cars or feeding it to 
a box car loader of the Mannierre or Ot- 
tumwa type. With the proper coal in the 


be anything from 32 to so tons. A bulk- 
headed car might contain 20 tons of one 
kind of coal in one end of a box car and 15 
tons of another kind in the other end. 
During the winter months when ore cars 
are frequently used the situation is even 
more acute since a 50 ton capacity ore car 
holds only 20 tons of coal. 


TABLE 7—Sizes of Coal Ordinarily Prepared 
by Coal Docks at Duluth-Superior 


Low Volatile 


High Volatile 


Brook? ?.ves con snacee Plus 5 in. Not made 

Langa h ce nest «alt Plus 2 in. Plus 249 in 

Higa. oicttersucne opstete Cie a4 shat: argo 

p 

Sfoves sii c ee aeieie = 734 362 144 X 3 and 
144 X2 

Nit omelette Not made 4x1 

Stokers. siete. 1 xX \%& (Cargo) |54 XxX 4 

2in. Screenings..... 0X2 o X 2 or 214 

114 in. Screenings...]o X 14 ox1%4 

54 in. Screenings....| Not made ox &% 

14 in. Screenings....| Not made ox 


When loading prepared or screened coal 
the procedure is somewhat more compli- 
cated and can best be illustrated by a de- 
scription of the operation on several docks: 

On Dock No. 1 at Superior, Wis., han- 
dling about 900,000 tons annually, the coal 
to be screened is drawn from the same 
hopper or bin in the pier leg of No. 1 bridge 
as may be used for direct loading and is fed 
to the shaker screen by a 48 in. pan con- 
veyor. (Fig 16). The partially double 
decked screen makes any three product 
separation as shown below if Block or 
Lump is the size being loaded. 


Separation foe 


bin an open car can be loaded easily in from 
3 to 4 min. and a box car in from 7 to 15 
min. Where individual cars are to be loaded 
rather than a “‘string,’’ much time can be 
wasted in getting the proper amount in a 
car since an order for an individual car can 


4X5 | 3xX1% 


Egg-stove 


2In. 
Scgs 


2x1% 


Sasa 114 In. Scgs 


Stove 


x 


For any of the above separations the 
Block or Lump must be loaded and the 
other two products may be returned to 
the dock. Ordinarily the 2 in. or 14 in. 
Screenings are elevated in a chain and 
bucket elevator and deposited by the belt 
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conveyor boom out to the cantilever section 
of the dock, while the Egg or Egg and Stove 
are placed back on the main section of the 
dock via a steeply inclined pan conveyor 
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No. 1 as 2 in. or 14 in. Screenings can be 
separated into 2 X 14 in. Stove and 1% 
Xo Screenings or into 144 X 5g Nut, 
54 X 4 Stoker, and 14 X o Slack if de- 


FRONT Dock 
STORAGE 


¢ 2No, TRACK 


Boom ng idea 


BACK Dock STORAGE 
(CANTILEVER) 


3RD. TRACK 


14-0" ao" 


Fic 16—SCREENING PLANT FLOWSHEET. No. 1 BRIDGE. Dock No. t. 


operating as a hinged boom. If it is now or 
later desired to load either the Egg or Stove 
size the screen plates are changed and the 
Dock-Made Egg or Egg-Stove or Cargo 
Egg (if any) is clammed into the hopper. If 
Egg is desired it is loaded and the Stove 
size may be returned to the main dock and 
the 114 Screenings to the cantilever section; 
or the Stove and 114 Screenings are re- 
turned together to the cantilever (or main 
dock) as 2 in. Screenings. If Stove is re- 
quired for loading it can be screened from 
Dock-Made Stove, Cargo Stove, 2 in. 
Screenings or from the Egg-Stove in which 
case the 2 X 14 in. is loaded; the 2 X 5 is 
returned to the main dock and the 14 in. 
Screenings are delivered to the cantilever 
section. 

The coal deposited on one 750 ft long 
portion of the cantilever section of Dock 


sired. Under this section of the dock is 
located a 7 ft high X 6 ft wide oval con- 
crete tunnel with roof openings spaced 
every 714 ft. Through these openings (See 
Fig 17) the coal stored above may be 
drawn and placed on a 30 in. belt conveyor 
750 ft long which delivers to a 5 X 14 ft 
double deck vibrating screen. By changing 
the top deck screen cloth the above listed 
sizes can readily be made as the undersize of 
the bottom deck (14 X 0) is always con- 
veyed from the screen by a stacking con- 
veyor. When making a three product 
separation one of the other two sizes is con- 
veyed to bins df 75 ton capacity; the other 
size is conveyed to a loading house equipped 
with direct loading chutes, a box car loader, 
and a winch type car puller. This tunnel 
and screening plant, although originally 
erected as a pilot plant to test tunnel re- 
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covery, takes a big load off the bridge 
screening plant since it can screen and load 
coal while the bridge is unloading vessels or 
is shut down because of high wind or is load- 
ing other coal. 


coal loading consists of 8 men: a hoister, 
bridge oiler, screening plant oiler, loading 
foreman or rig boss, screen operator, box 
car loader operator, and two laborers pre- 
paring cars or cleaning up tracks. With the 


SRR Fe Se ES 


Fic 17—RECOVERY TUNNEL CROSS-SECTIONS. 


The advantages of a cantilever section 
of a dock cannot be overestimated. In addi- 
tion to providing additional storage area it 
primarily provides an area entirely removed 
(separated by railroad tracks) from the 
main dock storage area. Screenings de- 
rived as a byproduct of loading other sizes 
can be stored there as soon as recovered 
and kept available for direct loading with- 
out the inevitable addition or re-mixture of 
larger sizes which would occur if stored on 
the main dock area in close proximity to 
larger sizes. On Dock No. 1 an additional 
advantage of the stationary tunnel screen- 
ing plant lies in the amount of coal handled 
through it. This can be dust treated by 
drawing from the 10,000 gal fixed tanks 
where otherwise large amounts of oil would 
have to be placed in the two 1000 gal tanks 
located in the bridge pier leg, which are 
too often empty when the bridge is tooo 


ft or so away from its nearest spray oiling” 


station. The tunnel plant requires a mini- 
mum of three men to operate: one man in 
the tunnel drawing coal, one working be- 
tween the screen and the loading house, 
and one coopering cars and assisting in 
loading and working the ¢ar puller. Since 
each box car requires from 3 to 5 grain 
doors to prepare it prior to and during 
loading the 3 man crew may be increased 
to 4 if much of the shift loading is into box 
cars. The bridge crew required for screened 


exception of the hoister, who is confined to 
the trolley, and the rig oiler, the remainder 
of the bridge loading crews work together 
on the various jobs and assist one another 
whenever possible. 

On Dock No. 2 at Superior, Wis., which 
handles about 700,000 tons annually, two 
of the three bridges are used for “direct” 
loading of unscreened coal into open or box 
cars and the third bridge prepares and 
loads all of the screened coal shipped from 
this operation. The screening plant is 
located in a separate structure tied in with 
and attached to the pier leg and consists 
of a two section single deck shaker screen 
from which the oversize is loaded into 
railroad cars, an elevator which raises the 


undersize (generally —5 in. or —2 in.) toan | 


overhead bin, and a double and a single 
deck vibrating screen. 

Depending on whether the oversize of 
the main shaker for any particular loading 
is plus 5, 3 or 2 in., the vibrator screens can 
make a three size product separation of 
Egg (2 X 5), Stove (3 or 2 X 14), Nut (34 
x 14), Stoker (144 X 3%) and oX\% 
Screenings. With any one set of screen 
cloths only two of the above sizes can be 
recovered and binned, and a third size can 
be returned to the dock. (See Fig 18.) The 


_two bins available in the bridge leg for 


storing of the sizes from these screens hold 
approximately 50 tons and if the sizes 
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balance within the limits of available orders 
each size can be loaded in turn. When this 
condition is not fulfilled the bridge must be 
moved a distance up or down the dock, 
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would be necessary to reduce the annual 
tonnage materially or end up with many 
piles of coal of mixed sizes and varieties. 
The tonnage handled over this dock area 
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Fic 18—ScREENING PLANT FLOWSHEET. NO. 1 BRIDGE, Dock No. 2. 


usually not over 50 to 150 ft, to the ap- 
propriate storage location and the excess 
size or sizes are dumped on the dock via a 
conveyor and chute. When orders are 
available and the freshly screened coal in 


‘the bins is to be loaded, the screen plates 


on the main shaker are changed to the 
appropriate size and the coal from the bins 
is re-screened prior to loading to remove 
any degradation made in the binning and 
withdrawing process. Dock No. 2 is a rela- 
tively inefficient low tonnage plant and 
consequently is ordinarily restricted to the 


- point where it handles only about 15 pct 


of its total tonnage as coal that is necessary 
to screen. Of an annual tonnage of 700,000 
about 350,000 tons is loaded into trucks by 
cranes; 250,000 is reloaded by the bridges 
largely as industrial fuel and about 100,000 
tons is prepared through the bridge screen- 
ing plant. This dock has no cantilever sec- 
tion and if required to perform the same 
amount of screening as the other docks it 


would not be feasible were it not for the 
high percentage reloaded into trucks by 
cranes. This dock has an associated retail 
coal yard into which coal is transferred from 
the dock by railroad cars and clammed into 
overhead bins for truck loading of prepared 
sizes and into ground storage for conveyor 
loading of steam coals. 

On Dock No. 3 at Duluth, Minn., han- 
dling about 400,000 tons annually, about 
150,000 tons is reloaded direct by the 
bridges of which only one reloads at a time 
(both may be used for unloading vessels). 
About 250,000 tons is recovered via a 1000 
ft long tunnel and belt conveyor located 
under the dock floor (Fig 17 and 19) and 
elevated by the same belt conveyor to the 
top of a large wooden bin structure made 
up of a double row of 16 bins: On top of 
these 32 bins the —8 or —5 in. coal is 
delivered to three 4 X 14 ft double deck 
flat vibrator screens which screen the low 
volatile coal into 3 X 8 in. Egg; 144 X 3 
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Stove; 5 X 114 Nut; 4 X 5¢ Stoker and 
o X \% Screenings. When running high 
volatile coal it is screened into 2 X 5 Egg; 
14 X 2 Stove and o X 14 Screenings or 


Y 


Fic 19—TUNNEL INTERIOR, Dock No. 3. 


COAL DOCK OPERATIONS OF THE NORTH WESTERN-HANNA FUEL COMPANY 


Run coal, which is usually handled on the 
section of the dock not served by the tun- 
nel, to Lump and Screenings. During navi- 
gation season coal is clammed directly out 


mee aed 


Fic 20—TUNNEL BIN SCREENING PLANT STRUCTURE, Dock 3. CAR LOADING POINT AT LEFT. THE 
TRUCK HANDLES 26 TONS. 


into 2 X 5 Egg and o X 2 Screenings. No 
lump coal is prepared over this dock as it 
cannot be fed consistently through the 
openings in the tunnel roof. One bridge is 
equipped with a 5 X 8 ft single deck vi- 
brator screen which while most inefficient 
can be used on occasion to reduce Mine 


of the boats onto the tunnel and the excess 
is stored behind the tunnel from where the 
bridges transfer it over the tunnel as 
required. : 

Because of the reduced percentage of deg- 
radation in coals handled through the 
tunnel and its associated screening and bin 
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‘plant this dock handles the most friable 


Pocahontas and as much high volatile coal 
as possible where the varieties are to be 
screened down to 114 Screenings. The dou- 
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or car loading conveyor. The oversize of this 
screen is loaded direct into open or box 
cars and the undersize is re-elevated to the 
top of the bin screening plant structure. 


SPOUTS AND Fly GATES 
FROM SCREENS To HOPPERS 
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Fic 21—ScREENING PLANT FLOWSHEET. PIER LEG Dock No. 4. 


ble row of 16 bins permits truck loading 
from the outer sides of the structure and 
car loading is accomplished by a centrally 
located conveyor at the bottom of the struc- 
ture into which coal can be drawn from 26 
of the 32 bins (Fig 20). The remaining 6 bins 
are at one end of the structure and are used 


for storage of Anthracite sizes, Coke, and 


Briquets which are received in railroad 
hopper cars and are delivered into these 
bins by a track unloading conveyor and an 
elevator. The car loading conveyor delivers 
coal from any one or any combinations of 
26 bins to a car loading point which houses 
a small vibrator screen for any necessary 
removal of any degradation made in the bins 


The combination of car loading and truck 
loading from this plant plus the too ton 
capacity bins for each kind and size handled 
ordinarily balance out very well so that 
only a relatively small tonnage is returned 
to the dock either by truck or by car. 
About 150,000 tons is hauled annually by 
trucks from this plant for delivery within 
the city of Duluth and surrounding area. 
These trucks range in size from five to 
twenty-five ton capacity. The remainder of 
the tonnage drawn through the tunnel or 
about 100,000 to 150,000 tons annually is 
loaded into railroad cars. An additional 
100,000 to 150,000 annually is loaded direct 


by the bridges. 
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Dock No. 4 at Duluth, Minn., has one 
bridge which handles between 450,000 and 
500,000 tons annually. The screening plant 
in this bridge is closely patterned after that 
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Fic 22—ScREENING PLANT FLOWSHEET. BRIDGE PIER LEG Dock NO. 5. 


in the bridge leg at Dock No. 2 (See Fig 21). 
Coal from the loading hopper flows to a 
single deck shaker screen from which the 
oversize can either be loaded into any type 
car or can be returned via conveyor to the 
dock. Undersize of the shaker screen is 
elevated to a small bin which feeds a 5 X 12 
ft double deck and a 5 X 8 ft single deck 
vibrating screen. 

This plant is provided with three 50 ton 
capacity bins so that three sizes can be held 
and successively loaded if available orders 
balance the size recovery. In addition any 
size as made or after binning can be trans- 
ferred via a belt conveyor boom to the 
cantilever section of the dock. As a result 
of the combination of the cantilever, three 
bins in place of two, and a higher elevation 
of the shaker screen oversize discharge lip, 
this plant has almost twice the hourly 


| OL) |\ 


ELEVATOR 
Via 
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capacity as that of the plant on Deck No. 2 
with nearly identical pieces of equipment. 

This dock is relatively short and as loading 
can be done at one end of the bridge only it 
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provides limited railroad track loading 
facilities and thus does not lend itself well 
to bulk loading of large tonnages as do 
Docks No. 1 and 2. Hence the storage 
areas of this operation are used mainly for 
coals requiring screening. 

Dock No. 5 like Dock No. 4 is a one 
bridge dock with a cantilever section and 
provides loading facilities at the pier end 
only of the bridge. Railroad tracks are lo- 
cated on each side of the pier leg foundation 
runway so that actually two loading points 
are available. The screening plant in the 
pier leg consists solely of a single deck 
shaker screen from which the oversize must 
be loaded into cars and the undersize, after 
elevating, can be returned either to the 
main dock or to the cantilever section. 
(See Fig 22). On this dock each size desired 
must be recovered in turn in descending 
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order of size. If the o X 114 Screenings are 
to be recovered from Cargo Run of Pile 
Lump it is necessary to first screen out and 


ship the Block or Lump, then the Egg and 


finally the Stove size before the Screenings 
are available. Despite the excessive deg- 
radation caused by such a layout, the 
screening plant is capable of high tonnages 
and because of the double loading facilities 
this dock is well suited to loading both 
screened coal and large tonnages of direct 
loading steam coals. 

Car supply for each dock is dependent 
upon a number of factors: The furnishing 
railroad, proximity of empty railroad 


yards, dock storage tracks, and method of ; 


handling cars on the dock. Each dock has 
engine service to bring in empties over the 
dock scale and set them on the dock 
tracks in the desired location in close prox- 
imity to the points of loading. Once the 
empties are placed, cars are moved into 
exact loading position by several means. 
Docks No. 1 and 3 use winch type car 
pullers located on the bridges or at the 
tunnel plant head houses to spot and load 
from 8 to 20 cars. These cars are then re- 
moved by the railroad locomotive while the 
bridges move on to new loading locations at 
which cars have previously been set. Dock 
No. 2 utilizes the self propelled box car 
loaders which run on their own tracks and 
are used to move cars into loading positions 


- and to handle them during the loading 


process. Docks No. 4 and 5 are equipped 
with cable car hauls running the full length 
of the dock. By means of cable grips and 
short lengths of cable, cars can readily be 
‘spotted and moved past the loading points 
at any desired rate. By means of frequent 
push button stations the car haul cable can 
be started, stopped and reversed from con- 


venient locations along the length of the 


loading tracks. Such a system is convenient 
and flexible but has been responsible for an 
excessive number of accidents. 

Loading rates, as would be expected, vary 
greatly with the kind and size of coal, type 
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of railroad car equipment, weather, and 
other conditions. For the same reasons, 
daily production may vary wildly not only 
between units but at the same unit from 
one day to the next. A bridge unit capable 
of loading Mine Run or Screenings into 
open cars at the rate of 800 tons per hr 
seldom is enabled to do such loading since 
orders for a particular type of coal never 
amount to that much for a day’s loading 
and seldom enough for an hour’s loading. 
The same bridge unit in loading Pocahontas 
Lump into box cars may load at the rate of 
one car every three hours if using Mine Run 
as feed to the screening plant or at 2 to 3 
cars per hr if using Cargo Lump as a source 
of screen feed. If the screen feed consists of 
a hard structure high volatile coal which is 
resistant to breakage, the loading rate of 
plus 5 in. Lump may be 250-300 tons per 
hr into open cars or 100-200 tons per hr into 
box cars. Loading box cars (40 tons) with 
direct loading or unscreened coal may be as 
low as 160 tons per hr or as high as 400 tons 
per hr. Dock No. 1 has loaded as much as 
6369 tons in one day following a 4653 ton - 
day and preceding a 4530 ton day. 


ELECTRICAL POWER 


All power used at each of the five docks 
is purchased from the local utility compan- 
ies at 13,200 volts, 25 cycles. At Docks No. 
1, 4and 5 this is changed to 600 volt dc, by 
synchronous rotary converters before enter- 
ing the dock distribution system; and all 
motors and controls are rated for 550 volt. 
At Dock No. 3 transformers reduce the 
primary voltage to 470 volts before entering 
the dock distribution system and all motors 
and controls are rated for 440 volts at 25 
cycles. At Dock No. 2 the power is dis- 
tributed on the dock at 13,200 volts and 
picked up at that voltage on the shear end 
of each bridge. This full voltage is trans- 
mitted along the span to the pier end of 
each bridge where transformers reduce it 
to 440 volts, 25 cycles for use. 
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The following tabulation enables com- 
parison of power consumption between 
dock units for the year 1947: 


Dock |} Dock |} Dock | Dock | Dock 
I 2 3 4 5 


Max. I5 min. 
kw demand. 432 564 337 484 426 
Kw-hr per ton 


shipped..... Doss) |, ksos) Lf, 00r 12.07, | 1.89 
Kw-hr per ton 
andled..... 0.78 | 0.92 | 0.80 | 1.04 | 0.95 


Power cost per 
ton shipped. .|$0. 021|$0.026|$0. 030/$0. 037/$0. 032 


OPERATION CONTROLS 


Control of each operation is accomplished 
by close personal supervision supplemented 
by daily reports and monthly cost records. 
Cost sheets covering periods of less than 
half months would be virtually worthless 


since the day to day operation varies so 


much that comparison of units or within a 
unit is impossible. During the season of 
navigation a dock may easily go for periods 
of three or four days when no shipments are 
made off dock because of unloading activi- 
ties; this might be followed by a like period 
of loading devoted mainly to screened coal 
loading followed by a period of bulk 
_ loading. 

Operating under such schedules is best 
controlled by daily operating reports, two 
of which are shown. The Daily (and cumu- 
lative) Summary of Shipments (Fig 23) 
is used to govern distribution of loading 
orders to the docks and in conjunction 
with the Daily Operating Log (Fig 24) when 
coupled with close physical contact fur- 
nishes more accurate and satisfactory con- 
trol than would be had with a daily cost 
sheet. 


Man POWER 


Although kinds and tonnages of coal 
handled at each dock together with the 
equipment used vary to such an extent that 


489 


direct comparison of operating units has 
little meaning, the tabulation of tons per 
man hour on an annual basis does yield 
some interesting figures. 

Table 8 shows for the year 1947 and for 
the three year period of 1945-46-47 the 
tons shipped per man hour for the five 
North Western-Hanna Fuel Co. docks at 
Duluth-Superior and also comparable data 
for docks of seven other dock companies 
operating in the same area, 


TaBLE 8—Man Hours per Ton of Coal 
Shipped for Various Coal Docks 


J ; 1947 1945-46-47 

Operating Unit Tons per Tons per 

Man Hour | Man Hour 
NW-H Dock No. t....... 10.4 9.3 
NW-H Dock No. 2....... 8.3 fit 
NW-H Dock No. 3....... a | 5.9 
NW-H Dock No. 4....... | de d 7.2 
NW-H Dock No. §5....... 2 8.0 
Ave. NW-H 5 Docks..... 8.1 7S 
Other Dock Co. A........ 5.2 5.8 
Other Dock Co. B........ 6.5 6.1 
Other Dock Co. C.... 0... SF oe 3 
Other Dock Co. Di... «- Bae 4.8 
Other Dock Co. E........ 6.1 5.2 
Other Dock Co. F........ 4.7 4.8 
@ther Dock Go. G..:..... 3.6 IS 


Man hours for the North Western-Hanna 
Docks used in the above table comprise all 
personnel. at each operation including 
supervision and car weighers and billers 
and excepting only purely clerical workers 
at the General Dock Office. 
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The Use of Illinois Coal in the Production of Metallurgical Coke* 


By Frank H. Reep,{ Memper AIME, Harotp W. JAckman,f AND P. W. HENLINET 
(New York Meeting, February 1948) 


A sumMMARY of the consumption of coal in 
1945 shows that the coke industry ac- 
counted for 17 pct of the total coal used. 
No substitute for coke and the blast furnace 
in the reduction of iron ore has gained 
sufficient prominence so far to be given 
serious consideration. However, while the 
same slot-type ovens are being built and 
used now as were in use a few years ago, 
the problem of obtaining suitable coking 
coals, both high- and low-volatile, has 
forced many operators to revamp coal- 
blending facilities. 

Until the beginning of World War II, 
high-temperature coke plants were able to 
secure the required high-volatile and low- 
volatile coals from two or three seams and 
from three or four mines. Thus, many of our 
coke oven plants were able to operate with 
storage bins for two coals only. The vari- 
ance in raw materials was not great, and 
uniformity of blend was a relatively simple 
problem. Since the beginning of World War 
II, many and important changes have 
taken place. Demand for all coals increased 
greatly. Production, though kept as near 
maximum capacity as possible, could not 
meet the demands for coal generally, and 
particularly for the various kinds of coal 
which have proved to be satisfactory for 
specialized uses; coals were allocated as 
nearly as possible in the order of greatest 
need; storage piling was reduced to the 
minimum necessary to keep plants in 

*Released by permission of the Chief, 
Illinois State Geological Survey, Urbana. 
Manuscript received at the office of the 
Institute July 26, 1948. Issued as TP 2491 in 
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operation; uniformity of quality could not 
be maintained, and with this last, uni- 
formity of composition of blends for coking 
could not be maintained. Whereas before 
the war producers of metallurgical coke 
could fill their needs from three or four 
mines, by the end of the war it was not 
unusual to find shipments to a single coke 
oven plant coming from as many as 30 dif- 
ferent mines, in a single month. 

Since many of the mines producing both 
high- and low-volatile coal for high-grade 
metallurgical coke are rapidly nearing de- 
pletion, the problem of seeking new sources 
and of blending a number of coals in each 
plant for the production of high-tempera- 
ture coke is facing practically every pro- 
ducer in the United States at the present 
time, and is one which will probably con- 
tinue for many years to come. 

Midwestern byproduct coke ovens in 
the Chicago and St. Louis areas use annu- 
ally from 12 to 15 million tons of bitumi- 
nous coals which are transported 500 to 700 
miles from the Appalachian coal fields of 
Pennsylvania, West Virginia, and eastern 
Kentucky. Approximately two-thirds of 
this coal is high-volatile bituminous. 

The critical transportation problem con- 
fronting the nation in 1943, and the grow- 
ing scarcity of the best Appalachian coking 
coals, prompted the Illinois Geological 
Survey to propose a research program in 
which would be studied the coking proper- 
ties of blends of low-sulphur, high-volatile 
Illinois coal with the high- and low-volatile 
coals from the eastern fields. Such blends 
containing Illinois coal, if substituted for 
the all-eastern blends normally coked, 
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would result in important transportation 


savings. 

To investigate this problem of producing 
metallurgical coke from Illinois coals, the 
Illinois State Geological Survey, through 


- the University of Illinois, entered into a 


contract with the Office of Production, 
Research and Development of the War 
Production Board on July 1, 1943, for a 
six-month period. This contract was re- 
newed January 1, 1944, July 1, 1944, and 
January 1, 1945. The contract terminated 
on June 30, 1945. Since this date, the 
project has been continued by the Illinois 
State Geological Survey under the sponsor- 
ship of the State of Illinois. 

The first step in this program was the 
design and construction of a small-scale, 
slot-type oven in which coal blends could 
be carbonized under conditions approxi- 
mating those obtained in commercial 
ovens. The coke produced under these 
conditions should have physical and chemi- 
cal properties directly comparable to those 
of coke produced commercially from the 
same blend. 

Such an experimental oven of 500-lb coal 
capacity was built. Its operation was 
standardized by carbonizing coal blends 
that were being used at the time in com- 
mercial ovens, and comparing experimental 
results with those from average commercial 
operation. Blends containing Illinois coals 
were then carbonized in the experimental 
oven and their coking properties were 
determined. This experimental oven was 
connected with the byproduct recovery 
train formerly used in our experimental 
work with the sole-flue oven. Tar and gas 
were collected and evaluated. 

Early pilot oven tests indicated that the 
Illinois coals tested had plastic properties 
different from the eastern high-volatile 
coking coals normally used in coke produc- 
tion. This necessitated special studies on 
the technique of blending Illinois coals with 
coals from other areas, and laboratory tests 


involving plasticstudies of both Illinois and 
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eastern coals were made. Data obtained 
have been applied successfully to coal 
blending procedure in our pilot oven 
studies. 

Early in the experimental program it be- 
came possible to cooperate with commer- 
cial producers of metallurgical coke who 
had an interest in using Illinois coal in their 
plants. Through these valuable connections, 
certain blends of Illinois coal, after pre- 
liminary pilot plant tests, have been 
carbonized in commercial ovens over ex- 
tended periods of time. Their behavior in 
plant equipment, their yields of coke and 
byproducts, and the economics of their 
extended commercial use were studied. 
These cooperative studies have played a 
valuable part in carrying out this project. 


Pitot PLANT COKE OVEN 
Design and Construction 


The primary objective in design of the 
experimental slot-type oven was to con- 
struct a unit which would duplicate essen- 
tially a small section of a commercial oven, 
and in which the process of coking coal would 
be controlled rigidly. Only in the width of 
the oven was an attempt made to duplicate 
any size dimension of a commercial oven. 
The ‘average width of most commercial 
slot-type ovens ranges from 13 to 21 in. 
The actual width of the experimental oven 
is 14 in. The oven was designed so that -it 
could be operated to give the same heat 
penetration (average width of oven in 
inches divided by coking time in hours) and 
final temperature as obtained in commer- 
cial practice. Fig 1 is a photograph of this 
oven showing coke being discharged. 

A diagrammatic sketch of the oven show- 
ing detailed cross-sectional views from 
front and side is shown in Fig 2. As with all 
slot-type ovens, heat is applied from flues 
on both sides of the oven chamber ((1) Fig 
2). The coal space in the oven chamber is 
36 in. in length, 35 in. in depth, and holds 
approximately 10 cu ft of coal per charge. 

The side walls (4) and floor (5) of the 
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oven are made of silicon carbide tile, 2 in. 
thick. Each side wall consists of a single 
tile, and the floor is formed from two tiles 
laid end to end with overlapping joint. The 
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the full length of the outside walls of the 
oven. ; 

The oven chamber is surrounded on the 
sides and top by vermiculite insulation (8). 


s 


] 
| 
{ 
i 


Fic 1—DIsCHARGING AND QUENCHING COKE FROM EXPERIMENTAL OVEN. 


walls are anchored at the back of the oven 
and left free to expand vertically and 
horizontally. They are held in place at the 
top and bottom by the surrounding brick- 
work, and are further supported on each 
side by two rows of long firebrick (6) which 
touch the oven walls and are, in turn, 
strengthened by steel angles (7) running 


This insulation acts not only as a heat 
baffle, but, being soft, as a cushion against 
thermal expansion or swelling pressures 
which otherwise might crack the silicon 
carbide walls. 

The top of the oven chamber (9) is cast 
of refractory concrete. Coal is charged 


through a 6-in. pipe (10) extending through 
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the casting, and a 6-in. blank flange (11) 
serves as a charge hole cover. Gas escapes 
from the oven through a 3-in. pipe (12) 
extending through the top and con- 
nected to the byproduct recovery equip- 
ment. The back of the oven chamber 
consists of permanent brickwork, whereas 
the front is covered by a refractory concrete 
door (13) which is raised or lowered by a 
chain hoist and is mudded into place before 
the oven is charged. After charging, the 
coal is leveled through a_ rectangular 
opening (14) in the door located 35 in. 
above the chamber floor. This level bar 
opening is then bricked and mudded. Be- 
tween the door and the coal charge a 
temporary brick wall (15) (9 in. in depth), 
extends from the floor to the coal level. 
This wall, which consists of one layer of 
firebrick next to the charge and one layer 
of insulating brick next to the door, is 
removed before a coke charge is pulled, and 
is replaced immediately after the oven is 
discharged. The oven structure is held to- 
gether by tie rods (16) extending through 
the top brickwork and foundation. These 
rods are anchored to heavy te See (17) 
at each corner of the oven. 


Temperature Control 


Accurate control of the temperature and 
heating rate of the coal is maintained by 
regulation of Globar heating units which 
are powered from a three-phase 230-volt 
6o0-cycle source through a 50 kv-amp tap 
transformer. Six AT type Globar brand 
nonmetallic heating elements ((2) Fig 2), 
67 in. long and having a middle heating 
section 36 in. in length and 1.25 in. in 
diam, designed to carry a capacity load of 
Ioo amp at 136 volts, are placed horizon- 
tally in each flue and spaced as shown so 
that heat may be applied uniformly from 
top to bottom of the oven walls. The two 
Globars in each top flue section are con- 
nected in series, and the two units thus 
formed are connected in parallel across one 
secondary of the transformer. Globars in 


the center and bottom flue sections are 
connected in a similar manner across the 
other two secondaries. In this way there are 
formed three independently variable single- 
phase circuits. Temperatures in the two 
flues are controlled separately by two 
Wheelco Capacitrols connected to thermo- 
couples in the center flue sections adjacent 


to the oven walls. These units actuate the ~ 


secondary circuits from the transformer. 
The even heating of the walls that is hereby 
obtained, together with the high heat con- 
ductivity of the silicon carbide tile, results 
in a very uniform application of heat to the 
oven charge; these factors are believed to 
be responsible for the uniformity of the 
coke produced. 

Temperatures inside the oven are re- 
corded by a four-point recorder actuated 
by thermocouples inserted through the 
back of the oven chamber ((18) Fig 2). 
Three thermocouples are located just inside 
the silicon carbide wall near the top, center, 
and bottom of the coal charge, and extend- 
ing horizontally to the center of the oven. 
A fourth is placed in the exact center of the 
coal charge, and a fifth is located in the gas 
space above the coal. 

Operation of this pilot oven has given 
coking results which check closely with 
average plant results. It is well known that 
because of difficulties in blending and heat- 
ing coals uniformly, and the empirical 


. methods of coke testing, no two consecu- 


tive ovens in a commercial battery yield 
coke showing identical physical properties. 
The close control of temperature in the 
pilot oven, combined with hand blending 
of the coals, has enabled us to check plant 
averages of one month or longer duration. 
One such check is shown in Table 1. It is 
noted that the size of the pilot oven coke is 
larger than that of the commercial oven 
coke. This is true necessarily because pilot 
oven coke does not receive the rough han- 
dling given to commercial oven coke in 
being pushed from the oven into the hot 
car, and passed through the plant screening 
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equipment. Trends in coke size are shown 
accurately however in the pilot oven coke. 


TABLE 1—Comparison between Coking Re- 
sults in Commercial Ovens and Pilot 
Oven on Same Coal Blend 


Com- Pilot 
mercial Oven 
Ovens Run 
57 Days | No. 102 
verage 
Coke analysis, pct 
Wolatile matterss.c0: sack. P55: 1.0 
iNixeGsCarDON's « ) acs sys seen’ 87.4 87.8 
ENS Oe ee ee Liew Tse 
Sh CEU apa (Eo Ee Mee OL ai eee 0.77 0.69 
aes ee: pet of coal 
Reetrsee anes aie ote ice Maar ser 65.0 65.0 
OSes (a= TAN. oo cece e8 58.1 62.2 
Nut (1 X 4in.).. 5 ertere rs 3.4 0.7 
Breeze (— 14 in.)........... 3.5 2 
Coke screen test, pct of coke 
PDO CAUEA EA AT rate neretciela ete er 8.4 6.4 
ROTA S\itinsr cas... sails 35.8 48.4 
ER Gtaliget=2 40 aardsis ys Shee. ¢ 78.3 87.2 
Tumbler test 
Stability: (-- Tin.) 4 es cee. 49.3 49.0 
Hardness (+34 in.)......... 67.9 66.8 
Shatter test 
GEO tite Ait evalace  wyshalieirie oie 66.0 63.6 
PCESOF BY G AIM c.civiere oerciarc o3 94.9 96.4 


CONCLUSIONS REGARDING COKING OF 
ILLINOIS COAL 


As a result of the tests made with Illinois 
coals which, on the basis of chemical com- 
position and immediate availability in 
quantity, are the most promising for metal- 
lurgical coke production, the following con- 
clusions may be drawn. 

1. Illinois No. 6 seam coal from the 
Franklin Co. low-sulphur area can be used 

continuously in blends with eastern coals 
in modern slot-type coke ovens for the pro- 
duction of coke which is practical for use in 
commercial blast furnaces. The extent to 
which Illinois coal can be used to replace 
eastern high-volatile coal for this purpose 


- is dependent primarily upon the economics 
of each individual application. Experi- 


mental pilot plant tests and commercial full- 
scale operation have shown that up to 75 


~ pct of this coal may be used satisfactorily. 


2. Such use of Illinois coal in metallurgi- 


cal coke plants of the Chicago and St. Louis 


areas does result i in sizeable transportation 


, J savings. 
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3. Cokes of satisfactory physical and 
chemical properties can be made. from 
blends containing up to 75 pct or more of 
Illinois No. 5 seam coal from the limited 
low-sulphur area in Saline Co. 

4. Cokes with equally good physical 
properties can be made using other No. 5 
seam coals of medium sulphur content from 
Saline and Williamson Counties. These 
coals and others similar to them are worthy 
of consideration as small percentage con- 
stituents of coal blends. 

5. Illinois coal fines should not be used 
for coking. Fusain tends to concentrate in 
the fines, and the tendency to weather is 
increased by the large surface area. No 
lower limit on screen size, as prepared at the 
mine, has been determined, but in actual 
applications no size smaller than 3¢ in. has 
been recommended or used for coking. 

6. Sized and cleaned Illinois coal can be 
safely stocked without hazard of spontane- 
ous combustion, 

7. Because of the extensive use of clean- 
ing plants in the low-sulphur area, the coal 
shipped from this area is very uniform in 
preparation and composition, and coals 
from the mines of the various producing 
companies are interchangeable. 

8. The bulk density of Illinois coal when 
charged to coke ovens is almost identical 
with that of eastern coals. However, as a 
result of the higher inherent moisture con- 
tent of the Illinois coal, a correspondingly 
lower yield of coke is obtained. 

g. In general, the low-sulphur Illinois 
coals tested in this program become 
less fluid during carbonization than do the 
higher ranking eastern high-volatile coking 
coals. Our tests have shown that the coke 
structure of an Illinois-Pocahontas coal 
blend may be improved by including a 
portion of a more fluid eastern high-volatile 
coal in the blend, or by substituting certain 
medium-volatile coals for the low-volatile 
Pocahontas coal that is normally used in 
production of metallurgical coke. 
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EXPERIMENTAL RESULTS 


Now let us take a brief look at a few of 
the experimental studies conducted by 
means of the 500-lb slot-type oven. With 
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Fic 3—EFrFECT OF COAL PULVERIZATION. 


this oven it is possible to study the effects 
of coal pulverization, flue temperature, 
coking time, weathering, coal cleaning, and 
the blending of any combination of coals 
under any ordinary set of operating condi- 


TABLE 2—Effect of Coal Pulverization 


Per 
20 Ill. No. 6 

Coal Blend +60 W. Va. High-volatile 
20 Pocahontas No. 3 


Pulverization (pct minus 


4 in. 
Avg. size of coke (in.)..... 


2.93 

Plus 2-in. coke (pct of 
p total. coke) sq .cvretasstaei. 81.4 

Minus tI-in. screenings 
(pct of total coke).... 5.2 
Shatter index (+2-in.).... 71.4 
TOGHIDY)s titers is thes aeons 88.9 

oy ake test 
tabilitwAeiadesswss Te 

TLETORSSR io mrs iencrek as é fe 


tions. The tables which follow, illustrating 
representative data which may be obtained, 
summarize the results of certain of these 
studies. 

As blast furnace coke accounts for the 
major coke tonnage produced and used in 
the Chicago area, the coal blends shown are 
those which either are used in production 
of coke of this type or which were being 
tested for such use. 


PULVERIZATION STUDY 


Experimental data showing the effect of 
coal pulverization on the physical proper- 
ties of a typical blast furnace coke are 
shown in Table 2. In this series of tests the 
coal pulverization was varied as shown, and 
the bulk density of coal in the oven was 
maintained essentially constant by partial 
surface drying. This can be accomplished 
commercially by oil spraying. 

Finer pulverization is shown here to pro- 
duce a larger, stronger coke, and to decrease 
the minus one-inch screenings with a cor- 


) 
| 
responding increase in the furnace size coke . 
produced. Results of these tests are plotted 
Ah ce ee 
Not all coal blends follow this pattern 
when carbonized. In other series of tests 
made, the coke size was found to decrease 
with finer pulverization, but in every case 
coke stability increased consistently as the 
coal was more finely pulverized. The prob- 
able explanation for this increased stability 
is that finer pulverization produces more ~ 
uniform blending of the coals, and inert 
particles present are made smaller and are 

: 


more uniformly distributed in the coal 
mass. ) 


VARIATION IN COKING TIME 


Commercial coke ovens vary the rate of 
coking over a wide range depending upon 
the type of coal blend being coked, the 
demand for coke, and the coke properties 
desired. For example, foundry coke is 
usually made by carbonizing at a relatively 
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low temperature for a long period of time to 
produce a large, strong coke capable of 
resisting breakage in the foundry cupola. 
Blast furnace, or domestic, coke may be 
made at a much faster rate since a smaller- 
sized coke is more desirable for these 
purposes. 

Table 3 and Fig 4 show the effect of cok- 
ing time on a blend containing a high per- 
centage of Illinois coal. Long coking time is 
shown to produce large size coke with 
correspondingly high shatter index. Coke 
stability remains high denoting toughness, 
but hardness decreases with a correspond- 
ing increase in breeze. A very low hardness 
factor indicates a soft surface structure 
which is easily abraded on handling, with 
formation of excessive coke fines. 

These trends have been substantiated 
commercially in Illinois on this type of coal 
blend. Long coking time produced a large 
coke with high stability but considerable 
pebblyness~ and breeze. Shortening the 
coking time resulted in production of a 
smaller coke, uniform in size, with smooth 
surface structure. Breeze production was 


TaBLe 3—Effect of Coking Time 


75 pet Ill. No. 6 
Coal Blend { 25 pct Pocahontas No. 3 


Coking Time (hr: 
min.) (computed ; 
for 19-in. oven). .}16:35]18 20 22 24 
Avg. size of coke (in.) | 2.31] 2.44] 2.58} 2.97] 3.21 
Plus 2-in. coke (pct 


of total coke)...|64.0 |70.5 |74.8 |81.2 [83-4 
Minus 4-in. breeze 
(pct of total coke)| 6.0 | 5.7 | 6-5 | 7-5 | 9.0 
Shatter index (+2in)/61.3 |67.4 |70.9 |81.1 83.9 
(Gtas aa ba) Pieces 85.0 |86.5 |89.1 |92.2 192.4 
Tumbler test 
Stability (+1in.).]49.2 |50.3 |52-.I [51.9 |51.7 
Hardness (+14in.)|66.9 |66.7 |63.7 [61.7 |58.1 


i 


reduced. The use of fast coking rates is thus 
indicated when a large percentage of 
Illinois coal is included in the coal blend 
being carbonized. 


SUBSTITUTION OF ILLINOIS COAL FOR 
EASTERN HiIGH-VOLATILE 


In the series of tests shown in Table 4 and 
Fig 5, Illinois coals from both the No.5 and 
No. 6 seams have been substituted in in- 
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creasing percentages for portions of the 
West Virginia high-volatile coal in a basic 
coal blend consisting of 80 pct West 
Virginia high-volatile and 20 pct Poca- 
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hontas coals. A fast coking rate of 1.05 in. 
per hr was used throughout the series of 
tests. 

It is seen that there was not much change 
in coke size except where a very high per- 
centage of No. 5 seam Illinois coal was used. 
Breeze production likewise remained con- 
stant except when using 80 pct Illinois No. 
6 seam coal. The outstanding effect of 
Illinois coal on the coke is to increase the 
tumbler stability and hardness. No. 5 seam 
coal is seen to be more effective in this re- 
spect than the coal from No. 6 seam. 


WEATHERING OF ILLINOIS COALS 


Illinois coals, which are of lower rank 
than the best eastern coking coals, are 
known to weather more rapidly than these 
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eastern coals when stocked for extended 
periods of time. Weathering is accompanied 
by a reduction in coking properties, and 
may be shown by a series of coking tests 
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EASTERN HIGH-VOLATILE COAL. 


made on the coal taken from stock at 
regular intervals of time. 

Weathering occurs largely at the surface 
of coal pieces, where oxygen comes into 
direct contact with the coal. Elimination of 
coal fines reduces the exposed surface area 
greatly, and weathering of sized coal is 
much slower than that of run of: mine or 
slack sizes. The following two tables show 
the effect of weathering on 2X 3 


washed No. 6 seam Illinois coal. This coal 


was stocked outdoors in small conical piles 
and sampled at monthly intervals. In each 
case a blend was made of 80 pct Illinois 
coal, 20 pct Pocahontas, and the blends 
thus formed were coked under identical 
conditions. 


Table 5 and Fig 6 show the results of such 
a series of tests in which the Illinois coal was 
stocked during the summer months from 


eo OP 


April through August. It is seen that there : 
was not much change in coking properties ~ 


for the first three months of storage. Dur- 


TABLE 4—Substitution of Illinois Coal for 


Eastern High-V olatile 


Part A—Illinois No. 6 Seam Coal 


: 80 pct W. Va. High-Volatile 
Basic Coal Blend { 20 pct Pocahontas No. 3 


a 


Pct Illinois coal 
BadER I Gece ts) 10 30 50 80. 
Avg. size of coke (in.) | 2.73] 2.82] 2.63] 2.66 2.63 — 
Plus 2-in. coke ed ; 
of total coke). 5 180.7 176.6 176.4 |78.7 
Minus -in. prcasel” 
(pet of total coke)| 3.4 | 3.2 | 3.5 | 3-4 | 3-9 
Shatter index (+2 
Sh eh ene Fete fie 69.1 |71.3 |68.0 |67.2 |67.8 
G4 in ies eee oe 87.3 |86.9 |85.3 |84.6 |86.1 
Tumbler test 
Stability (+1in.).]40.2 |40.6 |42.5 |44.4 |45.0 
Hardness (+14in.)|]62.1 |62.1 |63.5 |64.1 |65.4 


Table 4 Part B—Illinois No. 5 Seam Coal 


80 pct W. Va. High-Volatile 
Basic Coal Blend { do pet Pocabostas 


Pct 
RAGED rave o pas) 30 80 
Avg. size of coke (in.)| 2. 64] 2.66 a 60] 2. 


43 
Plus 2-in. coke Sate 


of total coke). 51778 177 eh LTRs Onl Taek 
Minus }4-in. Denton 4 

(pet oftotalcoke)} 3.4 | 3.0 | 2.9 | 2.8 | 3.0 
agees’ index (+2 

tke S6:biatotet ote he 9.1 168.7 164.7 |64.8 |66.0 

Chris ING) sae wien aes 88.1 |85.4 |86.2 |87.1 

Tumbler test 
Stability (++1in.).]40.2 |44.09 |47.0 |48.2 |49.9 
Hardness (+14in.)|62.1 [65.1 |64.1 |64.9 66. 4 


ing the fourth and fifth months, which were 
in the hottest part of the summer, weather- 
ing proceeded rapidly as shown by a 


TABLE 5—Effect of Weathering (Summer) 


80 pct Illinois No. 6 (2 & 3¢ in. washed) 
Coal Blend { 20 pct Pocahontas No. 3 


Months in storage...] 1 2 3 4 5 
Avg. size of coke (in. ) 2.43] 2.42] 2,51] 2¢ 
Plus 2 in. coke (pct of : 


total coke)...... 70.9 |68.7 |72.8 |70.7 160.6 
serie ia ae ise ; " 
pcetoftotalcoke)} 4. ae 6.2 2 1842 
Shatter index (+2 My ig re ce 
AL ects 5 Monee 63.3 |71.8 163.5 |65.4 |60.2 
(EDdG it) is es 85.2 |88.1 |86.8 |88.0 |85.8 
Tumbler 5 * 
tability 1in.).|49.4 |47.1 |48.4 |42.5-|37.0 
Hardness (+}4in.)|67.2 |66.5 64.8 |50.8 |5r.5 


decided reduction in the tumbler stability 


and hardness factors of the coke, and by an 
increase in the production of breeze. 


| 
: 
: 
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Table 6 and Fig 7 show the results of a tucky and Pocahontas coals were used in 
similar series of tests in which the Illinois each test which may account for minor 
No. 6 seam coal was stocked during the variations in coking results, but, as shown 
winter period, from September through in Table 7 and Fig 8, there was no continu- 
March. It is noted here that although there 
was some variation in the results obtained, 
there was no definite reduction in the cok- 


100 


ing properties of the coal during storage. ay ELM eg) 
Coking properties were shown to be prac- 
tically the same after seven months storage 89 
_ as after one month. F 
, . Total +2" Coke 
Consideration of these and other weather- 70 
ing test data obtained on washed and sized 
Illinois No. 6 seam coal indicates that 60 


where this coal is to be used in amounts as 
great as 80 pct of the total coal blend the 
Illinois coal may be stored for one to three 
months in summer weather, and for longer 
periods in cooler weather, without seriously 
affecting the coking properties of the coal 
blend. 

The above tests represent the most 


50 


PERCENT 


40 


30 Coal Blend 


drastic type of coal storage—that is, in 20 
small piles of from 2 to 4 tons where all coal 
is on or near the surface at all times. In 10 
actual plant storage piles of large size a 
much smaller percentage of the total coal 5 
surface is exposed to contact with air, and OPN eer san eens Te 
__ weathering is less pronounced. Fic 6—EFFrEcT OF WEATHERING (SUMMER). 


Tests were made on Illinois coal stored 
during the winter season in a ridge-shaped ous downward trend in coking properties 
pile approximately 150 ft long and 25 ft during the six months storage period. It 
high. Samples were taken from the interior was noted also that the final Illinois coal 
of the pile after 1, 2 and 6 months of sample removed from stock was still 


TaBLe 6—Effect of Weathering (Winter) 


80 pct Illinois No. 6 (2 X 34 in. washed) 
Coal Blend { 20 pet Pocahontas No. 3 


d Hse StOTAGe oot ae ete a i-tene ee ne csaal ers Tolle etone 5 2 3 4 5 6 7 
mo ive of eee Gil ing Dad poe aon cee ot Scurrncg 2.45 2.50 2.57 2.56 4:58 2.57, 2.58 
~ Plus 2-in. coke (pct of total coke).......+..+++: 70.7 Gee | 75.3 A «2 Bs ree 472.3 
"Minus }4-in. breeze (pct OL totalicoke)jawles sss «| EES 10.0 8.1 6.3 Ag 5 5 ek 
Shatter index (+2 in.).....-.. eee eee reece 68.0 68.6 65.9 70.6 71.0 9.9 : 
(aor er ae Oe doe Rn SEU Oc Ammar eieo acres OUaae 86.9 87.6 86.2 90.0 88.9 86.8 86.9 
mbler test 
ee ility (Sin sh) ge ibe nd ae we oa pO UIE uel 44.1 43.0 43.8 46.6 ite 45-5 43 é 
Hardness (+34 in.)......000- ese erect trees 59.4 58.4 60.9 63.2 4.4 reer 


storage. The samples were blended as 25 bright in appearance, showing no dis- 


3 pet of a blend of Illinois, Eastern Kentucky, coloration, slacking, or heating. Thus it is 
and Pocahontas coals and coked in the ex- indicated that where washed, prepared 


oy 


perimental oven. Different samples of Ken- _ sizes of Illinois No. 6 seam coal are to be 
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used as not over 25 pct of the total coal 
blend the coal may be stocked safely over 
_ the winter months. 


100 


90 Shatter (+/ le") 


80 = =F 
Total +2" Coke 
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PERCENT 


80 % Illinois No.6 
30 20% Pocahontas No.3 


iS - Ye" Breeze 


' 2 3 4 5 6 af 
MONTHS-ILLINOIS COAL IN STORAGE 


Fic 7—EFFECT OF WEATHERING (WINTER). 


CoAL RESERVES 


The question as to the amount of coal 
from any district that can be used for 


TABLE 7—Weathering in Plant Storage 
(Winter) 
Por 
25 Illinois No. 6 


Coal Biena{ 25 Eastern Kentucky 
50 Pocahontas No. 4 


Months in storage......... 0 I 2 6 
Avg. size of coke (in.)..... 2.55| 2.55) 2.63) 2.63 
Plus 2 in. coke (pct of total 
COG) pak pip ciaretete Were 72.2 173.0 |75.4 174.4 
Minus }4-in. breeze (pct of 
total coke)... sss sie Bee wD. 140d 4.2 
Shatter index (+2in.)..... 61.5 |64.0 |62.2 162.9 
state ae AM) viavevin cee oatenes 82.4 [83.9 |82.7 182.5 
Tumbler test 
Stability (+1in,)....... 36.0 |31.3 |28.3 134.5 
Hardness (+14 in.)..... 67.3 ]64.0 |62.7 |65.4 


metallurgical coke is not relevant unless the 
amount of reserves are fairly well known. 
Consequently, an estimate of the amount of 


No. 5 and 6 seam coals in southern Illinois 
which could be used for metallurgical coke 
has been made by our geologists under the 


Shatter (+/%2") 


fois 


Total +2" Coke 


25% Illinois No.6 
25% Eastern Kentucky 
50% Pocahontas No.4 


PERCENT 


MONTHS-ILLINOIS COAL IN STORAGE 
Fic 8—WEATHERING IN PLANT STORAGE 
(WINTER). 

direction of Dr. G. H. Cady. A map of the 
area; showing the location of coal reserves 
and quantities available, is shown in Fig 9. 

In making this estimate it was necessary 
to assume a maximum tolerance of sulphur 
content in the coal. While we have realized 
fully the lower the sulphur’ content the 
more desirable the coal for metallurgical 
purposes, it is well known also that the 
average sulphur content of coals used in 
coke ovens during the past few years has 
risen sharply in a number of cases. Con- 
sidering this angle, and also the fact that 
Southern Illinois coal may be used to ad- 
vantage in quantities from 10 to 25 pct of 
the total charge, and that in no case will 
Southern Illinois coal be the only coal used, 
a top figure of 214 pct of sulphur content 
in the coal as it occurs in the mine was used 
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In most cases such a figure would result in 
a sulphur content of washed coal as shipped 
below 2 pct. This shows a coal reserve in 
Southern Illinois of approximately 3 billion 
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than they ever have done in the past. 
Those plants that are equipped to blend 
coals from at least four different sources 
will be more fortunate than those with less 


' 
;JEFFERSON 
' 


N 


SALIN 


+WILLIAMSO 
Po ara ’ 


50 MILES 


Fic o—Map OF SOUTHERN ILLINOIS SHOWING LOW-SULPHUR COAL RESERVES. 


tons, 60 pct of it in seam No. 6 and 40 pet 
in seam No. 5. 


CONCLUSIONS 


The conclusions which have been drawn 
above, based upon work in our experi- 
mental slot-type oven, are indicative of the 
type of results which may be obtained on 
a small scale and used as a guide for metal- 
lurgical coke producers. The writers are of 
the definite opinion that more of our coke 
producers will be doing more blending of 
coals for metallurgical coke in the future 


blending capacity. Experimental work to 
determine the effect of each of the coals 
used in blending will result necessarily in 
considerable economy of operation. Un- 
doubtedly, the easiest, cheapest, and quick- 
est way to obtain the desired information 
on coal blends is by means of a small ex- 
perimental coke oven in which the resulting 
physical and chemical properties of coke 
from a coal blend may be determined. This 
is the type of control work which may be 
pursued profitably by coke plants in any 
section of the country. 
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The Relation of Free-swelling Indexes to Other Characteristics of — 
Some Alabama Domestic Stoker Coals 


By Reynotp Q. SHorts,* MEmMBer AIME 
(Cincinnati Meeting, October 1947) 


INTRODUCTION 


THE small domestic underfeed stoker as 
now designed is unusually sensitive to the 
coking and plastic properties of coals, and 
when the attempt is made to burn the high 
rank coking and caking coals of the 
Appalachian fields, serious trouble may 
occur. Part of the trouble may be caused by 
the ash content and clinkering character- 
istics of the particular coal in use, but more 
often it is the result of an excessive ac- 
cumulation of coke in the form of ‘‘trees”’ 
or masses in the fuel bed. Often the zone of 
burning becomes so restricted that the fire 
goes out, and in extreme cases the fire may 
be lifted completely out of the fuel bed and 
away from the air ports. Even if the fire is 
preserved, excessive coking may cause re- 
sponse to subsequent heat demand to be 
slow and irregular. Coke trees seem to grow 
most readily during periods of hold-fire 
operation, so that in order to preserve the 
fire in mild weather it is often necessary 
to set the timer for such a long operating 
period each hour that much unneeded and 
unwanted heat is developed, causing dis- 
comfort. During demand periods the fire 
may pick up so slowly that the intense 
burning which develops just before stoker 
cut-off causes a serious overshooting of the 
thermostat. 

Stoker coal performance tests which have 
been made in a number of labora- 

Manuscript received at the office of the 
Institute June 11, 1947; revision received 
November 20, 1947. Issued as TP 2314 in CoaL 
TECHNOLOGY, February 1948. 

* Associate Professor of Fuel Technology, 


School of Mines, University of Alabama, Uni- 
versity, Ala. 


tories!.?.3.4,5 are one method of approach 
to the problem of selecting stoker coals. As 
yet these tests have not been standardized 
and they are expensive and time-consum- 
ing. The value of the results probably in- 


creases with the length of the test. Sherman 


and co-workers at Battelle Memorial Insti- 


tute believe that even a one-week test is 


not too reliable a trial* and it is quite 
likely that others will agree. A great ad- 
vantage of such tests is that characteristics 
of coals, other than the tendency to form 
coke masses, may be evaluated from them. 
The selection of stoker coals would be 
greatly facilitated if there existed some 
simple measure of the tendency of a coal 
to form coke in a fuel bed. 

Although possessing all of the dis- 
advantages of any small-scale laboratory 
test, the test for the free-swelling index of 
coal has been found useful for evaluating 


the probable effects of swelling properties — 


upon combustion.’ Ostborg, Limbacher and 


‘Sherman, have shown that the test can pre- 
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dict, roughly, the tendency of coke to ac- 
cumulate in the fuel bed of a domestic 
stoker. They also gave. instances of its 
value in predicting combustion behavior 


in some large installations. The use of the — 


test for free-swelling index has become well 
established and has been adopted as a 


standard by the American Society for, Test- — 


ing Materials:$ 


When domestic stoker coal investigations | 


began at the State Mine Experiment Sta- 
tion in the summer of 1944, it was decided 


1 References are at the end of the paper. 


—sse 


ee ees 


REYNOLD Q. SHOTTS 


to make free-swelling tests of all the coals 
investigated. It was further decided to 
attempt to relate the coking character- 


istics of the coals, as revealed in perform- 


ance tests, to their free-swelling index. 
The necessary equipment, however, was 
not obtained and set up until the summer 
of 1945. By this time two series of stoker 
performance tests had been completed and 
preliminary accounts of them had been 
published.®*:1° The majority of the tests had 
been conducted with samples of coal 
comparatively fresh from the mine. When 


the third series of performance tests was 


made during the summer of 1945, swelling 
tests were made at the same time. The size 
of coal used for the preparation of the free- 
swelling test sample was the same as that 
used for the stoker test. The results of a 


TABLE 1—A Proximate Analyses of Eleven 
Slack Coals Used in Stoker Performance 
Tests (Air Dry Basis) 


I Fk 6. | 34:16. |- 58.2) {+ 0. 8.|/ 13080 
2 1.5 | 6.5 | 35.5 | 56.5 |. 0.9 | 14040 
3 1.6 sie UB Wnts eeny/y | oso caf I.2 | 13600 
4* ie Ae nO OW le34ng) | 5553. |b tOnl) £3540 
5 Tate LO. O-| 6523) e530 0.9 | 13600 
6 I.9 2.4 | 36.2 | 59.5 0.8 | 14540 
7 2.6 BOM sOnA: | 57d £5 TZ9TO 
8 0.9 AaOups5u5 450) 0.9 | 14230 
9 3.0 Alea 2) (507 I.3 | 13760 
10 2.0 | 10.8 | 38.9 | 48.3 1.8 | 12910 
on 2.7 3.6 | 38.4 | 55-3 I.4 | 13780 


* Coal not washed. 


- complete group of eleven tests were thus 


j 


4 


made available for attempted relation to 
free-swelling indexes, even though they 


were made using stored coal. In September, 


1945, grab samples of fresh slack weighing 
50-100 lb each were taken at the same 
mines, with one exception, as those that 


had furnished the sample for the stoker 


4 
cat 4 


coal performance tests of the first two series. 


One mine had been worked out and was 


closed in the interval between samplings, 


| so that another mine on the same bed and 


C 
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about to miles away had to be sampled 
instead. A proximate analysis of a repre- 
sentative portion of each of the four-ton 
gross samples collected for performance 
tests is shown in Table 1. 


FREE-SWELLING INDEXES 


Table 2 gives the results of all free- 
swelling index determinations of the coals 
listed in Table 1. All eleven coals were used 
for two or more stoker coal performance 
tests. All of the samples, except that of 
Coal 4, represented ,washed coals. Fig 1 
shows five representative groups of buttons 
having different swelling indexes and illus- 
trating different shape characteristics. 


TABLE 2—Free-swelling Indexes of Eleven 
Fresh Washed Slack Coals from the 
Warrior and Cahaba Coal Fields of 


Alabama 
*s Free- 
Coal No. ies 
Index 
Cahaba Field: 
Tete pte ose Clark &) 8 
ad Gholson 
Ber ering Nate is Woodstock + 6 
Es Danae Woodstock 4+ 64 
Pi ae Woodstock w+ 82 
Gath cae ire Clark y+ 7343 
Warrior Field: 
Cee eae Black Creek y%+o 6143 
ate tases Black Creek y% + No. 30] 3345 
Siete Black Creek 4+ 53436 
9.. .| Black Creek + 14 mm| 43234 
LO*s an aie Corona = 


; 4 
Black Creek 4 + 44 mm] 332% 


* Not Mine No. 10 but another mine on the same 
bed located about ten miles from Mine Io. ; 

1 The sample was an arbitrary mixture of —7 in. 
+0 slack and —4 in. + 7% in, nut. It was screened 
at 114 in. 

2 This coal was not washed. ; : 

3 The screen at the mine had 114 in. round openings. 
The equivalent square opening is given to put all 
sizes on a comparable basis. 

4 When the fresh sample was taken some coal from 
stripping operation was being brought to the washing 
plant. The samples may, therefore, not represent 
completely unweathered material. . : 

5In many recent U. S. Bureau of Mines publica- 
tions the bed being worked is identified as the 
Jefferson, rather than as the Black Creek. _ 

6 Some stripping operations were shipping to the 
washing plant and about half of the coal was from 
another mine. All operations were on Black Creek bed. 


Several distinctive characteristics of the 
coke buttons are noticeable. Actually only 
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a few buttons conformed exactly to any 
one of the standard profiles. Variation in 
shape often was marked for individual 
buttons in the same series of four buttons. 


FREE-SWELLING INDEXES OF SOME ALABAMA DOMESTIC STOKER COALS 


| 


; 
t 


The free-swelling test buttons that ac- — 
companied the third series of tests are not — 
shown in Fig 1. In general these buttons, — 


which were produced from slack which had 


— 


Fic 1—FREE-SWELLING TEST BUTTONS, FRESH WASHED SLACK. 
(A) Coal 1. (B) Coal 3. (C) Coal 6. (D) Coal 7. (E) Coal 9. 


In cases where the shape was such as to 
make it difficult to select the proper profile, 
an attempt was made to judge which pro- 
file would have fitted, given a properly 
shaped button with the same cross-sec- 
tional area, Subjective estimates of areas 
were made at the time, but since then the 
U. S. Bureau of Mines has suggested a 
quantitative method." 


been stored 6 to 14. months, were shaped 
like those made from the fresh coals but 
were seldom as symmetrical. 


FREE-SWELLING INDEX AND CEOLOGIC 
STRUCTURE 


Fig 2 is a map showing the areal dis- 
tribution of free-swelling indexes for ten 
coals. There is some evidence of a relation 


a 


ee ee 


~ between geologic 
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structure and _free- 
swelling index, although the map is by no 
means complete. Section A-B shows an in- 
crease in free-swelling index for the Black 


\ist, 


B 
Gi, iG, 
ag 2, 


ALOos#" 


“hymn yo’ 


595 


learn whether a complete survey of the 
various beds above and below the Black 
Creek and Woodstock beds, in the Warrior 
and Cahaba fields respectively, would re- 
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Fic 2—MAp SHOWING THE DISTRIBUTION OF SWELLING INDEXES FOR COALS FROM THE BLACK 
CREEK AND WOODSTOCK GROUPS OF BEDS. 


Creek group of beds from northwest to 
southeast. This is consistent with the in- 
creasing intensity of diastrophic disturb- 
ances of the beds. The major portion of the 
movement is attributed to Pennsylvanian 
or post-Pennsylvanian thrust forces from 
the southeast. Section C-D shows that 


_ mines on the Woodstock bed on the west 
side of the Cahaba field have free-swelling 


indexes of about 6, and that these increase 
to 714 or 8 near the interior fault of that 
field. The mines near the fault on its east 
side also have high indexes. Both the Clark 


and the Gholson beds of the east side have 


4 


& 


been correlated with the Woodstock bed 
of the west side.!? It would be of interest to 


veal similar relations between geologic 
structure and free-swelling index. 


FREE-SWELLING INDEX AND SIZE RANGE 


Table 3 illustrates variation in free- 
swelling index with the size range of two 
washed slack coals. The sample of Coal 8 
was a grab sample which had been mined 
only two weeks when the free-swelling 
indexes were determined. The sample of 
Coal 1 had been mined nearly three 
months at the time of making the tests, so 
that free-swelling indexes of fresh coal 
would almost certainly be greater than 
those shown for stored slack. 

Coal 8 showed a small rise in free-swell- 
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TABLE 3—The Variation of Swelling Index 
with Size for Three Alabama Coals 


Size Coal 8!| Coal 12 
-1% ae 14 420 5% sua wistedsm cae ee ee etre 572 
= TG ins -- NO.-43s adil ole scree 5) 
=F inser Noy Avs cce om tilcoien eee 7 
=" Nowd “Fb. NOS: tert alae avad os 7 
=P NO 4. VINO? PO sierietemiern taba at 6 
= Nos8i-F NG: 860 cg ae eae oe 74 
= Now26.+- No: 30.0. eeue-sae eee 7 
= Nowr6. + NO: 50%". wtecsiet ote ole 514 
= No-i30 + No. 50200 wore valde os 6 
='No. 50 -+ No, 100.7% Watts tactae = 54 
— No. 50 + No. 200...........+. 34 
— No. 100 + No. 200..........-. 514 
= AN ON ZOOw%s so ead erate eomcae ag I 2 


1 —114 in. + o washed slack from Mine 8, Black 
Creek bed, Warrior field. Above ground less than 
two weeks ‘when swelling tests were made. 

2 —l4 in. + 0 washed slack from Mine 1, Clark 
and Gholson beds, Cahaba field. Mined two or three 
months before. free swelling indexes were determined. 


3 All sieve sizes refer to the U. S. Standard Scale. 


ing index to a maximum of 6 at the — No. 
4 + No. 16 size, with a steady decline in 
the successively smaller size intervals. The 
buttons from the — No. 200 material were 
so friable that they fell to a powder on 
handling. The material definitely was 
non-agglomerating.® 

The maximum swelling index for Coal 1 
occurred at approximately the same size 
interval as did that for Coal 8. The — No. 
200 portion of Coal 1, however, was 
agglomerating. The buttons produced by 
the various size fractions of Coal 1 are 
shown in Fig 3. 

The observed reduction of free-swelling 
index in successively smaller size fractions 
_ may have been caused by an increase in the 
quantity of inorganic matter, or to some 
differences in the composition of the coal 
substance itself. Unfortunately, neither ash 
analyses nor estimates of petrographic 
compositions are available for all the size 
fractions of either coal. Early work at the 
State Mine Experiment Station indicated 
that the presence of inorganic material had 
little effect upon free-swelling up to an ash 
content of about 20 pct. Later work has 
shown that beyond this ash content, in- 
organic matter lowers the free-swelling 
index noticeably for many coals. The non- 
' swelling character of fusain and _ the 
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swelling properties of vitrain have been’ 
demonstrated. It has been pointed out a 
there is a tendency for the former petro- 
graphic constituent to concentrate in the 
— No. 200 size and the latter in the sizes 
just larger and up to about No. 4.1%1418 
Single, unchecked determinations of fusain’ 
at the State Mine Experiment Station, 
using the chemical method,!® indicated 
6 pet fusain for Coal 8, —114 in. + o slack 
and 49 pct fusain for the — No. 200 frac- 
tion. No determinations of fusain were 
made for Coal 1. The author believes 
variation in petrographic composition to 
be the principal cause for the differences 
shown for free-swelling index of the various | 
size fractions of Coal 1 and Coal 8. 


¢ 


FREE-SWELLING INDEX AND TIME AND 
CONDITION OF STORAGE 


The length of time that coal has been — 
out of the ground and exposed to oxidation 
has a definite effect upon the free-swelling | 
index. The effect is quite variable from coal _ 
to coal. It has been observed that any 
factor which reduces coking and cakings§ 
presumably by oxidation, acts more power-_ 
fully on weakly coking coals than on those— 
with very strong coking properties.* This 
conclusion is confirmed by the results of 
oxidation in storage as shown in Table 4. — 

For every coal in Table 4, two and, in 
five cases, three conditions are available 
for comparison. All of the tests given in the 
column headed ‘‘fresh-slack”? were made 
within two weeks after the coal was mined. 
It must be remembered, however, that in 
no case does the ‘fresh slack’? sample 
represent the same lot of coal that is 
represented by the other two columns of 
swelling indexes. Both samples merely came 
from the same mine. The fact that the 
“fresh slack”? samples do represent differ- 
ent lots of coal from those of the other 
sample, may serve to cast some doubt upon 
the comparability of the indexes. With all 
the results, however, uniformly indicat- 
ing the same conclusion, it is unlikely that 
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samples from exactly the same lot would 
have indicated anything contrary to that 
shown. 

The samples termed “‘stored slack’ were 


TABLE 4—The Effect of Length of Storage 


FREE-SWELLING INDEXES OF SOME ALABAMA DOMESTIC STOKER COALS 


Coal 2 showed a reduction of less than one 
unit. 


The division of the coal into particles 


passing 250 microns increased the rapidity 


Time and Particle Size of Stored Coal on 


Free-swelling Index 


Stored Slack | Storage Period, 


Stored Fines 
Passing No. 60 
Sieve 


Approx. Length 
Storage Period, 
Days? 


Approx. Length 


pee Fresh Slack 
I Clark & Gholson 8 6 
2 Woodstock 6 5 
3 Woodstock 6 5 
4 | Woodstock 8 6 
5 | Clar 138 7 
6 | Black Creek 644 5 
7 Black Creek! 3% I 
8 | Black Creek 54 4 
9 | Black By dil 44 3 
to | Coron 5 
II Black Creek 3146 I 


295 
260 
105 
260 
215 
225 


1In many recent U. S. Bureau of Mines publications, the bed being worked is identified as the Jefferson 


rather than as the Black Creek. 


2 Storage period given is that which elapsed between the time of reduction to pass No. 60 sieve and the 
determination of free swelling index. No coal had been stored as slack for more than one month at the time 


the — No. 60 sieve sample was Sree 


the residue of the PEER 0. 4-ton 
sample secured for stoker performance 
tests. They were stored inside in perfectly 
dry bins. Some of the samples were still wet 
when stored. After air drying, all of the 
coals from the Cahaba field contain less 
than 2 pct moisture and those from the 
Warrior field less than 3 pct. The number 
of days given for storage as slack are only 
approximate. The samples labeled “stored 
fines”? were prepared from fresh slack and 
stored in rubber-stoppered 4-o0z bottles in 
the analytical laboratory for approximately 
the number of days shown. The “days” 
column is only for time of storage after 
being reduced to pass a No. 60 sieve. The 
laboratery was quite warm—8o to 95°F— 
winter and summer, and the humidity was 
low, particularly in winter. 

An examination of Table 4 reveals a re- 
duction in swelling index with time of 
storage for every coal. Coals 4, 7 and 11 
changed two units as the result of storage 
as slack. 

In the cases of Coals 7 and 11, the indi- 
cated change was very great in proportion 
to the original low swelling index. Only 


with which time of storage reduced swelling 
power. This ‘change was to be expected 
because of the greater surface exposed to 
oxidation. Coal 9 showed the greatest re- 
duction in swelling. The minimum reduc- 
tion of swelling power that occurred from 
fresh coal was two units. Fig 4 shows the 
change in free-swelling index with length 
and condition of exposure for two coals. 

It is obvious that by the time Coals 7, 9 


and 11 had been stored as slack for a year — 


they had become practically non-swelling. 
Unfortunately the relative change for the 
better was not so great for those coals that 
swell enough to cause possible trouble in 
the underfeed stoker. Storage under oxidiz- 
ing conditions, or low cost methods for 
speeding up oxidation may present the 
possibility of converting unsatisfactory 


domestic stoker fuels into more satisfactory — 


ones. 


Free-swelling Index and Coke Accumulation | 


during Performance Tests 


One criterion which is frequently used — 
as an indicator of the probable coking © 


tendency of a stoker fuel is the weight of 
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ent upon the amount of excess air accom-_ 
panying the combustion as well as upon — 
the free-swelling tendencies of the coals. 
This finding was supported by those of 


dry coke left on the fuel bed at the end of 
fixed-schedule stoker coal performance 
tests. For the tests of the first series made 
at the State Mine Experiment Station, 
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Fic 5—THE RELATION BETWEEN COKE ACCUMULATION AND FREE-SWELLING INDEX, LONG TESTS, 
SECOND SERIES. 


coke was considered to be all of the com- 
bustible material retained on a !4-in. square 
opening screen. For tests of two other 
series, a I-in. screen was used. The latter 
size limit was the one used by Ostborg, 


Knox and Sawyer.® Small departures from 
any general relation. may be explained by 
differences in air supply or by differences in 
its distribution to the fuel bed. Another 


Limbacher and Sherman in their work on 
the relation of coke-forming tendencies to 
the free-swelling index of various coals.’ As 
was pointed out by these investigators, the 
quantity of coke left on the bed is depend- 


important is the degree of care taken by the 
person removing the residual bed from 
the furnace to minimize variations in this 
hand operation from test to test. The fri- 
ability of the coke and the way the coke 
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and clinker are distributed .in the bed will 
introduce variations in the determination 
of just what proportion of the coke present 
in the bed was really +1-in. material. 
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having the lower free-swelling indexes, per- 
haps coke breakage will not throw sus- 
pected relations too far out of line. 

Fig 5, 6 and 7 show the weight of dry, 
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Fic 6—THE RELATION BETWEEN COKE ACCUMULATION. AND FREE-SWELLING INDEX, SHORT TESTS 
SECOND SERIES. 


Insofar as it was possible to do so, the same 
attendant was assigned the task of clean- 
ing the furnace after each test, and an 
attempt was made to remove the material 
with a minimum of breakage. Even the 
most cursory observation will reveal that 
the cokes on fuel beds vary widely in 
friability. As the more friable cokes are 
likely to be the least objectionable, and 
since they are likely to come from the coals 


+-1-in. coke left on the fuel bed at the end 
of each test, plotted as a function of the 
free-swelling index. For a few tests of the 
first two series, swelling indexes were esti- 
mated on the basis of the length of time 
the coal had been stored. This procedure 
is not very satisfactory but the estimate 


could hardly be in error by more than one 


unit. 
The scattering of points is considerable, 
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but there is an increase in +1-in. residual 
coke with increasing free-swelling index. 
All tests made with Coal 1 yielded some- 
what less coke than the free-swelling 
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some extent, and the free-swelling index 
ceased to be a certain criterion for the 
tendency to form coke masses. This 
apparent break at an index of 5 or 6 may 
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Fic 7—THE RELATION BETWEEN COKE ACCUMULATION AND FREE-SWELLING INDEX, TESTS, THIRD 
SERIES. 


indexes of the coal suggest they should 
yield. Coal 2 appeared to produce a larger 
coke residue than its swelling index indi- 
cated. This was particularly noticeable for 
fresh slack but occurred also for stored 
slack. The increase in the quantity of coke 
left on the fuel bed, with increase in free- 
swelling index, appeared to be quite regular 
up to an index of 5 or 6. Above this the 
rule of increase seemed to break down to 


have been caused by the choice of coals, or 
it may hold for all coals. Ostborg, Lim- 
bacher and Sherman say: “Experience in 
the laboratory has shown that coals which 
have .a swelling index of 6, or less, will 
cause no difficulty from coke formations 
in the fuel bed of the small underfeed 
stoker. Those having indexes of 8 to 9 may 
or may not cause difficulty but are sus- 


pected.” The index 6 appears a little high — 
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for some Alabama coals, but the observa- 
tion that high indexes “may or may not” 
cause difficulty is confirmed to some extent 
by the erratic coke-formation results ob- 
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of the coke formed. The factor used was the 
apparent specific gravity of the coke. 
Presumably the higher the specific gravity 
the more difficult it is for air to penetrate 


5 Ciara 2 8. = "9 
INDEX 


Fic 8—THE RELATION OF APPARENT SPECIFIC GRAVITY OF FUEL BED COKE TO FREE-SWELLING INDEX. 


tained in tests for coals of higher swelling 
index. 


Free-swelling Index and Apparent 
Specific Gravity of Coke 
One other physical factor was examined 
in the tests of the third series, in the hope 
that it might contribute something in 
answer to the problem of excessive coke 
formation. The examination was an ap- 


proach from the direction: of the quality 


a bed made up largely of coke and the more 
the reaction surface between the coke and 
air is restricted, the more slowly the coke 
burns. 

The apparent specific gravity of fuel bed 
coke was determined by a modification of 
the method outlined in ASTM Designa- 
tion: D 167-24 for the determination of the 
volume of cell space of lump coke.’’ The 
method is intended for use with byproduct 
and beehive coke and may not be suitable 
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for the material found on the domestic 
stoker fuel bed. However, by the use of the 
ASTM method the results, even if errone- 
ous in any absolute sense, should _ be 
comparable. 


AVERAGE STOKER RUNNING TIME, 
MINUTES PER HOUR . 
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swelling index. Three duplicate tests on the — 


same coal were in excellent agreement and 
indicate that the method yields reproduc- 


ible results. Tests 6C and 6D gave results — 
that were close, but the difference in size — 
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Fic 9—THE RELATION OF THE AVERAGE LENGTH OF STOKER RUNNING PERIODS DURING HOLD-FIRE 
OPERATION TO FREE-SWELLING INDEX. 


Fig 8 shows the relation between the 
apparent specific gravity of coke and the 
free-swelling index. The distribution of 
points is quite similar to that for the other 
relations that have been plotted. Test 1E 
maintains its favorably low position. 
Certainly in a very general way the appar- 
ent specific gravity of the coke found in 
the fuel bed is proportional to the free- 


range of the coal feed made it unlikely that 
they would form cokes with identical 
physical properties. The explanation for the 
failure of Tests rE, 5D, 6C and 6D to leave 
a quantity of coke on the fuel bed pro- 
portional to the free-swelling indexes of the 
coals, may lie partly in the comparatively 
low densities of their residual cokes. 
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Free-swelling Index 
and Hold-fire Ability 


The criterion used in the third series of 
tests for judging the ability of a coal to 


70 


65 


o O 
ee 


AVERAGE RATE OF HEAT RELEASE 
THOUSANDS OF BTU PER HOUR 
BSS 
oO 


x 
~J 


FREE SWELLING 


515 


period corresponding to its high free- 
swelling index. The very low running time 
of Test 7C is explained by the fact that a 
much faster feed rate was used with that 
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Fic 10—THE RELATION OF AVERAGE RATE OF HEAT RELEASE DURING HOLD-FIRE OPERATION TO 
FREE-SWELLING INDEX. 


hold fire was the relative average number 
of minutes running time required to bring 
the fire up to a predetermined condition 
once each hour. The relation of the average 
running time to the free-swelling index of 
the coal is shown in Fig 9. 

The distribution of points in Fig 9 is 
quite similar to that of Fig 7. Test 5D is an 
exception with a long average running 


test than with the others (except Test 6D). 
Tests 2E and 2F; along with Test 5D, gave 
average running times somewhat above the 
general trend, while the results of Test 1E 
were much below the trend. 

Not only should a stoker coal be able to 
hold a fire during periods of mild weather, 
but the quantity of heat given off while 
doing so should be low. If this condition 


- 
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does not exist the stoker operates un- 
economically and the house may receive 
unneeded and unwanted heat. Fig 10 shows 
free-swelling index plotted against rate of 


FREE-SWELLING INDEXES OF SOME ALABAMA DOMESTIC STOKER COALS 


Testing Materials in the “Manual on 
Presentation of Data,’’ April 1943 reprint- 
ing, Pp. 13-21. 

Apparently the same coal in essentially 


TABLE 5—Results of a Statistical Study of the Length of Running Periods during 
Hold-fire Operation 


Mean running time, min. (”)...........- 
Length of max. period, min...,.....-.... 
Standard deviation, min. (¢)............ 
Coefficient of variation, pct (v)..........- 81 


Note: No. of cases (m) in each test = 30. 


heat release in thousands of Btu per hour, 
during the hold-fire period of the tests of 
the third series. The distribution of points 
in Fig 1o again is quite similar to that of 
Fig 7. The very short running period in 
Test 7C accounts for its very low heat 
release rate.. Tests 2E and 2F again gave 
results higher than the general trend, and 
Test 1E had a favorably low heat release 
rate for a strongly swelling coal. The low 
heat release rate of Test 5D, contrasted 
with its long average running period, sug- 
gested a very slow “pick-up” rate for that 
coal. 

In winter weather of the type that often 
occurs in the South, cold frosty mornings 
require a rapid pick-up of the fire but as the 
temperature rises during the day it is 
desirable that no thick, rapidly burning 
fuel bed be present to give off unwanted 
heat. For this type of operation, a coal is 
needed which will respond rapidly and 
steadily to changes in heat demand. In an 
effort to find some criterion for measuring 
the factor of steadiness of response of 
various coals, a statistical study was made 
of the length of running periods that 
occurred during hold-fire operation in the 
third series of tests. The length of each 
individual period could be estimated from 
the flue gas temperature recorder chart 
to the nearest one minute. The results of 
the calculations are shown in Table 5. The 
method of calculation followed that recom- 
mended by the American Society for 


duplicate tests tended not only to show 
practically the same mean running time 
for each test, but the variations about that 
mean—the swings above and below it— 
appeared to form the same pattern. In the 
case of the two tests with Coal 7, difference 
in air supply and feeding rate resulted in 
considerable difference between the two 
means and the standard deviations. When 
the latter, however, was expressed as a 
percentage of the former—the coefficient of 
variation—the figures were almost iden- 
tical. They were identical for the two tests 
with Coal 11. Since Coals 7 and 11 are 
mined from the same bed and within 
sight of each other, four very close checks 
were obtained for essentially the same coal, 
despite variations in feeding rate, burning 
rate, and air supply. Tests 2E and 2F 
yielded close agreement for coefficient of 
variation in almost duplicate tests for a 
coal of a very different type. The great 
difference between the coefficient of varia- 
tion for Tests 6C and 6D brings up the 
question of the effects of the removal of the 
finer sizes upon stoker coal performance. 
The lessened blocking of air by coke forma- 
tion, when the finer sizes were absent, prob- 
ably resulted in better distribution of air 
to the bed and consequently in a much 
more uniform response for Test 6D. The 
similar values for the coefficient of variation 
for Tests 5D and 6D both of which had 
feeds of large size consist tend to support 
this conclusion. 
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Fig 11 shows coefficient of variation 
plotted against free-swelling index. It 
indicates that the more strongly swelling 
coals are more erratic in their response than 


100 


COEFFICIENT OF VARIATION, PERCENT 


FREE 


-are those with lower indexes. Tests 5D, 6C, 


6D and 8C are somewhat out of line. No 
explanation is apparent for the relatively 
large coefficient of Test 6C or for the 
relatively low one of Test 8C, but unques- 
tionably Tests 5D and 6D benefited from 
the large size consist of coal used in them. 

When the conventional program timer 
with its fixed-length and fixed-interval 
running period is used to provide hold-fire 
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control, it is. reasonable to expect that 
coals showing a wide variation in running 
time from period to period in tests of the 
type described would be the more unsatis- 


INDEX 


Fic 11—THE RELATION OF COEFFICIENT OF VARIATION OF STOKER RUNNING TIME TO FREE-SWELLING 
; INDEX. 


factory with respect to hold-fire character; 
istics. With the conventional type of timer 
control the setting must be set high for all 
cycles, so that the stoker will run long 
enough to build up the fire satisfactorily 
when a cycle requiring a long running 
period occurs. If the stoker does not run 
long enough during such a cycle the fire 
may get so low that it will go out before 
the next running period. If, however, the 
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timer is set high enough to build the fire to a 
satisfactory level for such cycles much extra 
coal will be fed in and some useless burning 
will take place during stoker-idle periods 
as well as during those running periods in 
which prolonged operation is unnecessary. 
Under such conditions fuel economy is 
greatly reduced and unwanted heat is 
released. If a coal exhibits uniformity in 
the running ‘time required to build up the 
fire (low coefficient of variation), the timer 
may be safely set near some average time 
deemed the minimum necessary for the 
preservation of the fire, with little fear that 
extraordinary cycles will occur during 
which the fire will go out. In the case of a 
coal with a high coefficient of variation in 
running time a setting far above any aver- 
age time thought necessary for the preser- 
vation of the fire will be necessary in order 
to prevent out fires during the cycles in 
which the fire becomes unusually low. The 
selection of the proper minimum running 
time in any case will be a trial and error 
procedure because all the averages obtained 
in tests of the type described here are too 
high for economical use in an actual instal- 
lation. In the tests relative values only were 
of interest. 

From the available data, the discussion 
of it in the paragraph above, and from 
Fig 11, three conclusions seem justified: 
(x) Coals having a high coefficient of 
variation in running time for hold-fire tests 
of the type described probably will require 
a higher setting of the conventional timer 
for fire preservation than will those with a 
low coefficient of variation. (2) For such 
coals,,a hold-fire control actuated by flue 
gas or fire box temperature probably will 
be much more satisfactory than the con- 
ventional timer. (3) Coefficient of variation 
of running time seems to be related to free- 
swelling tendency, but the relationship is 
not exact. Variation in coefficient is par- 
ticularly wide for coals with indexes of 4 
to 6. 
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Free-swelling Index and 
Unit Coal Heating Value 


The resemblance between all of the plots 
of test results against free-swelling indexes 
suggest that the free-swelling index is a 
semi-quantitative attempt to measure 
some fundamental characteristic of the 
coal. That the characteristic is fundamental 
is shown by Fig 12 and 13, in which the 
free-swelling index for each coal is plotted 
against its dry, mineral-matter-free, heat- 
ing value. Errors and difficulties of analysis 
and the semi-quantitative method neces- 
sary for the determination of free-swelling 
index result in a considerable scattering of 
points and some overlapping, but in spite 
of this the free-swelling index is a fairly 
good indicator of the rank of the coal 
insofar as rank is determined by heating 
value. All the coals tested were of bi- 
tuminous A rank according to the ASTM 
classification!” and it is quite doubtful if 
the indicated heating value-swelling index 
relation would hold for coals of other ranks, 
particularly higher ones. The very fact, 
however, that oxidation during storage not 
only lowers heating value but also affects 
the free-swelling and other rheological 
properties illustrates a close relationship. 
As far as Alabama bituminous A coals are 
concerned, it appears that the dry, mineral- 
matter-free heating value is as good an 
indication of probable stoker coal perform- 
ance, from the standpoint of coke accumu- 
lation, as is the free-swelling index. 

As a means of measuring the effect of 
free-swelling characteristics upon stoker 
coal performance, the free-swelling index 


was, in this study, only moderately success-. 


ful. The reasons for its failure to classify 
some of the coals in a manner consistent 
with the way the others were classified are 
not entirely evident from the test results. 
Some operating conditions that were not 
properly evaluated or that possibly were 
overlooked completely may account for the 
results; or they may have been the conse- 
quence of some physical or chemical prop- 
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erties peculiar to these coals. The test 
conditions of air supply, feed rates and 
drafts, were not kept strictly constant, but 
attempts have been made to allow for 
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variations in these factors in the interpreta- 


tion of test results. Further study will 


be necessary to provide a complete 
explanation. 
SUMMARY 


1. Free-swelling indexes of eleven Ala- 
bama bituminous coals which were used 
for stoker coal performance tests were 
found to range from 314 to 8 units. 
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2. For two of the coals the free-swelling 
index decreased steadily with successively 
smaller size intervals, for sizes smaller 
than a No. 8 or No. 16 sieve. 


INDEX 


Fic I2—FREE-SWELLING INDEX AS A FUNCTION OF DRY, MINERAL-MATTER-FREE HEATING VALUE, 
THIRD SERIES TESTS. 


3. Exposure to oxidation decreased the 
free-swelling index for all coals tested, with 
the greater relative decrease being shown 
by the coals with the initially lower indexes. 
Division into particles passing 250 microns 
accelerated the loss of swelling properties. 

4. The work of other investigators indi- 
cating that the quantity of large coke left 
on the fuel bed after a fixed schedule test 
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run is roughly proportional to the free- 
swelling index of the coal feed, has been 
confirmed for Alabama coals. 

s. The relation between fuel bed coke 


Lu $5700 
om 
Lo 
1 15600 
aw 
te 

15500 
gg 
aS 15400 
eel, 
O 15300 
zu 
—O 
= _,15200 
ra 
Om 


VALUE 
BASIS, 


HEATING 


| 2 3 


FREE 


SWELLING 


FREE-SWELLING INDEXES OF SOME ALABAMA DOMESTIC STOKER COALS 


> wnt 


which left small quantities of fuel bed coke _ 
in proportion to their free-swelling indexes 
also showed a. relatively low apparent — 
specific gravity for their coke. 


Bio On The Same 
INDEX 


Fic 13—FREE-SWELLING INDEX AS A FUNCTION OF DRY, MINERAL-MATTER-FREE HEATING VALUE, 
FIRST AND SECOND SERIES TESTS. 


accumulation and free-swelling index holds 
best for Alabama coals with swelling in- 
dexes of five or below. Coals having indexes 
of five or above are more irregular in their 
tendency to form coke, a finding also men- 
tioned by other investigators. 

6. The apparent specific gravity of fuel 
bed coke is roughly proportional to the free- 
swelling index of the coal feed. Variations 
in the relationship are fairly wide. Coals 


7. The average length of running period 
necessary to preserve a predetermined fire 
condition during hold-fire operation, the 
average rate of heat release during hold-fire 
operation, and the heat content of the coal 
on a dry, mineral-matter-free basis corre- 
spond quite well with the free-swelling 
index of the coal feed. In general, the 
individual cases which departed most 
widely from the general trend in the rela- 
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DISCUSSION 


tionships mentioned here were the same 
ones which departed most widely from the 
average trend in the other comparisons. 

8. The coefficient of variation of the 
lengths of the individual stoker operation 
periods corresponded in a general way to 
the free-swelling index. The relation was 
better when it was restricted to stoker feeds 
of approximately the same size composi- 
tion. The magnitude of the coefficient of 
variation indicates the relative ease or 
difficulty of fire recovery from period to 
period and may be significant as a measure 
of the hold-fire ability of the coal. Tests in 
which closely sized feeds were used gave 
relatively low coefficient of variation even 
for strongly coking coals. The increased 
uniformity of fire recovery during stoker 
operation periods may account for the 
improved hold-fire ability which is often 
noted when the fines are removed from a 


~ stoker coal. 
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DISCUSSION 


(William G. Christy aud R. A. Sherman 
presiding) 


J. D. CLreENDENIN*—This is an interest- 
ing contribution by Professor Shotts, but 
it is unfortunate that certain of his obser- 
vations were not investigated further. The 
free-swelling behavior that was noted for 
certain size fractions and partially oxidized 
samples is suggestive of behavior noted by 
others. For example, Mott and Wheeler!*® 
have pointed out that the free-swelling 
indexes of the bright and durain com- 
ponents of some British coals are not addi- 
tive. The results described by McCabe, 
Konzo and Rees!® for hand-picked durain, 
clarain and vitrain for an Illinois coal 
indicate nonadditive behavior for these 
components. These three components were 


* The Pennsylvania State College. 

18The Quality of Coke. 360-368 (1939) 
(London). Chapman and Hall. 

19 Til, Geol. Survey. R. I. No. 78 (1942). 
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assigned free-swelling indexes of 1, 3 and 
5, respectively, yet these investigators 
noted indexes of 3 each for durain- and 
clarain-rich samples and 414 for a vitrain- 
rich sample, all presumably from the same 
coal. In addition, the free-swelling be- 
havior of the bright and dull-coal portions 
of a Lower Kittanning seam (ca. 36 pct 
V.M.) coal tested in our laboratory have 
been observed as nonadditive; the whole 
coal had a free-swelling index of 8, the 
bright-coal portion an index of 844 and 
the dull-coal portion an index of 2. 

On the other hand, Barraclough”? ob- 
served behavior in the crucible swelling 
test that appeared to be essentially addi- 
tive when binary mixtures of an oxidized 
and an unoxidized coal, each from the same 


20 The Pa. State Coll., B. Sc. Thesis, June, 
1941. 
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seam, were tested. How binary mixtures of 
other coals, as contrasted with coal com- 
ponents, would behave is a matter for in- 
vestigation, since it is known that binary 


mixtures of coals when subjected to differ- — 


ent conditions of heating do not necessarily | 


behave additively. 

The relation of free-swelling index to unit 
coal heating value may be deceptive; more- 
over, one would hardly choose the latter for 


any preliminary evaluation. British fuel ' 


: 


. 


technologists have long given attention to 
the relation of such properties as swelling 
index to unit coal properties, as carbon, 
hydrogen and heating value. Apparently, 
the correlation of swelling number with 
carbon and hydrogen has proved most 
suitable, but is of only limited value at 
best.” 


21 Coke. (Sept. 1943) 5, 165-170. 
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Low Temperature Reactions of Oxygen on Bituminous Coal 


By H. C. Howarp* 
(New York Meeting, March 1947) 


REACTION of oxygen and bituminous 
coal starts as soon as the coal bed is exposed 
to air and, with some coals, proceeds 
with significant velocity even at normal 
temperatures and at normal oxygen partial 
pressures of one-fifth of an atmosphere. 
At higher temperatures, the reaction is 
greatly accelerated and ultimately a 
condition is reached where the process is 
very rapid and we then speak of com- 
bustion. It is the purpose of the present 
paper to discuss the reactions of oxygen 
and coal at temperatures below those of 
active combustion. It is these low tem- 
perature oxidation reactions which are 
responsible for heating in storage and for 
marked changes in agglutinating proper- 
ties. These reactions may also be employed 
for the preparation of organic acids, which 


are of direct interest to the chemical 


industry. 

For convenience in discussion, the low 
temperature reactions of oxygen and 
bituminous coal can be roughly divided 
into three stages though there is, of course, 
overlapping. Stage 1 is a surface oxidation 
stage, characterized by the addition of 
oxygen, with the formation of oxygen 
containing groups some of which have 
acidic properties. Carbon dioxide, carbon 


_ monoxide and water may be formed con- 


comitantly and are always liberated at 
higher temperatures, and in cases where 


the oxidation is prolonged. Superficially, 


the coal is little affected by this primary 
stage of oxidation and usually only minor 


Manuscript received at the office of the 
Institute February 18, 1947. Issued as TP 2233 
in CoaL TECHNOLOGY, August 1947. ; 

* Coal Research Laboratory, Carnegie Insti- 
tute of Technology, Pittsburgh, Pa. 


changes in ultimate composition result. 
There may be definite changes in coking 
and coking properties, and heat of com- 
bustion susceptibility to further oxidation. 
The presence of acidic groups can be 
demonstrated by specific reactions. These 
groups may show cation exchange proper- 
ties like the mineral zeolites. The formation 
of oxalic acid has been reported. If the 
oxidation is continued, a large fraction. 
of the organic material of the coal is con- 
verted ultimately into alkali soluble, acid 
insoluble products, which have been given 
the name “regenerated humic acids” and 
which are the characteristic products of 
Stage 2. These humic acids, in the solid 
stage, do not differ greatly in appearance 
from the original coal, but show large 
differences in chemical composition and 
chemical and physical properties. Along 
with the humic acids, carbon dioxide and 
some of the water soluble types of Stage 
3, are also formed. If the oxidation is 
carried still further, the humic acids may 
be degraded completely to the simpler, 


_ lower molecular weight acids of Stage 3 


which are characterized by solubility in 
acid as well as in alkaline media, and by 
their orange, yellow or white colors. Addi- 
tional carbon dioxide is formed in the 
transformation from Stage 2 to Stage 3 
and, for a number of American coals, a 
maximum yield of the water soluble types 
of acids is reached when about so pct of 
the carbon of the coal is converted to 
carbon dioxide. 


PRIMARY OXIDATION 


The initial step in the reaction of 
gaseous oxygen on coal, like that on carbon, 
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appears to be one of addition with the 
formation of a surface complex, followed 
by decomposition of this complex and 
liberation of oxides of carbon and of water. 
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matter from 17.2 to 38.2 pct, which show 
an approximately three-fold change in 
specific rate of oxidation over this range of 
volatile matter. 
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Gikam bic 
ee 
o- war reene@ 


x 


ae A 


Bacon hal 
pelle ba a IN 


pamela Te 
MEEZED Gane 


N 


SOAR 
Baie e eh aN 


peer 3 
CUNT S Se EO 


IN HOURS 
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Studies have been made of the rates of 
these primary reactions of oxygen with 
various bituminous coals, under a variety 
of experimental conditions, and a number of 
interesting relations have been established. 
As would be expected the rates of the 
primary reactions are a function of 
the rank of the coal, the surface area, the 
temperature, oxygen partial pressure and 
the time that the oxidation has proceeded. 

Data have been reported! for nine 
bituminous coals, ranging in volatile 


1 References are at the end of the paper. 


bituminous coals, in the Coal Research 
Laboratory,? of the temperatures at which 
a coal reaches a constant reaction rate, 
have shown relatively small differences 
over a range of volatile matter from 18 to 
32 pct. Outside of these ranges of volatile 
matter, very marked differences are noted. 

Very little quantitative information is 
available on the relation between rates 
and surface area because of the uncer- 
tainties in measurement of the. latter 
quantity. Rates of oxidation have been 
measured for samples of a British coal® 
screened into four size ranges; 2 to Io, 
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to to 30, 30 to 60 and minus 200-mesh. 
The areas of these samples, calculated by 
the Needham and Hill‘ relation, were 
0.55, 7.8, 24 and 314 sq m-kg. The char- 
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and the expected linear relation between 
the log of the rate and reciprocal of the 
absolute temperature is obtained at least 
over a limited temperature range. The 
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acteristic rates of oxidation of these 
samples were 0.00718, 0.0217, 0.0336, and 
0.0514 g of oxygen per 100 g of coal per 
day. Thus for an approximately 600-fold 
increase in calculated area only an approxi- 
mately ten-fold increase in rate was 
observed. Schmidt® has suggested, as a 
first approximation, that the rate is pro- 
portional to the cube root of the calculated 
surface. The much higher than anticipated 
rate of reaction of the coarse coal may 
result from considerable reactive, internal 
surface as well as from the presence in the 
larger mesh sizes of significant amounts of 
fine coal as a surface coating. 

More data are available on the relations 
between rate and reaction temperature. 
In general, the available data fit an 
Arrhenius type equation reasonably well 


so-called heat of activation, which is 
regarded as a measure of the difficulty of 
bringing about a chemical reaction, can be 
calculated from the slopes of these lines. 
Values so calculated from the low tem- 
perature reactions of oxygen on several 
coals are shown in Table 1. Even the 
highest values found are lower than those 
usual for chemical reactions where primary 
bonds are broken. 

The effect of oxygen partial pressure on 
rate has been investigated by a number of 
workers and the data are summarized in 
Table 2. Calculations, based on the Coal 
Research Laboratory reactivity index test, 
of the effect of oxygen partial pressure on 
reaction rate indicate a value of “a”. 
of 0.7 to 0.8 over the temperature range 
200 to 250°C. Thus all the experimental 
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data available show that the rate is propor- 
tional to less than the first power of the 
oxygen consideration. There is some 
indication that the value of the exponent 
increases with increase in temperature. 


TABLE 1—Effect of Temperature on Rate 


Heat of Activation 


Coal 
30-90°C | 90-140°C 
Barnsley® 
SOLS Jz, cidky starsvesere Bre. «Movers ty 16,600 25,200 
DOD OOLLS ven eitiete Rte Hie laderen, I7,100 24,400 
ards ier chant. anaes cnc. hbk 16,500 28,600 
Wacker ative ae sc tioe 15,600 25,900 
Carine) a sien ecits + « «4h |e 4 000 25,900 
pa ° 
Pocahontas? No.3.2..ceces. 13 
13,900 
Pittsburgh eke. wee vic cine seats 14,000 
Tiinois! INGO spr. e-cte1e% clsiera.2'|| 3,000 


One of the most interesting kinetic char- 
acteristics of the low temperature reaction 
of oxygen on coal is the very marked 
decrease in rate of oxidation with time. 
Schmidt and Elder have recently shown? 
that this relation is satisfactorily repre- 
sented by the following expression: x = ci? 
when x is percentage oxygen absorbed, c 
is a constant, ¢ is the time and 0 is another 
constant. A log-log plot of the quantities x 
and ¢ gives lines of slope 6 and intercept c. 
Representative data are shown in Fig 1, 
2 and 3. A very interesting fact brought 
out by these plots is that the slopes of the 
lines are nearly constant for all the coals 
studied over the entire temperature range, 
that is, the values of b are nearly constant. 
The values of the intercepts c are, however, 
a function of both temperature and rank 
of coal. It is evident that the reaction is 
hindered by the accumulation of oxidation 
products on the surface and that this effect 
is relatively the same for all the coals 
studied and over a considerable tempera- 
ture range. 

The development of analytical methods 
_for determining the exact nature and 
extent of this surface reaction has been a 
baffling problem. If the process consisted 
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solely in the addition of oxygen, even in 
small amounts, methods for determining 
the extent of the reaction could, no doubt, 
be worked out. Since, however, significant 
amounts of the oxidation products are 


TaBLE 2—Effect of Oxygen Concentration 


on Rate 
Rate = k[O2]* 


Coa Deg C} Pct O2 | Values of a 
Barnsley® 
ards..6s enero. 30 0.5 

Pittsbureh®in.0 - ee 99.3 0.590 
Lower Banner®....... 99.3 0.596 
Pocahontas No. 39....} 99-3 0.620 
Pocahontas No. 4°....| 99.3 0.617 
Illinois No. 619,...... oO. 


volatile and the coal is physically hetero- 
geneous, very considerable changes in phys- 
ical properties, without marked changes 


in ultimate composition, may appear, 
caused by the selective removal of specific 
parts of the structure in the form of volatile’ 
oxidation products. Data from a number 
of sources show that the low temperature 
reactions of oxygen on coal result, along 
with the addition of oxygen, in the re- 
moval of much larger amounts of hydrogen, 
on an atomic basis, than of carbon. The 
atomic carbon-hydrogen ratios in the 
volatile oxidation products are very much 
lower than in the original coal. This is 
illustrated by the data of Table 3. Since 
it is the hydrogen-rich parts of the coal 
structure, which are probably responsible 
for the greater part of the plasticizing 
action in the coke forming process, it is 
easy to understand the effects of small 
amounts of oxidation in decreasing the 
coking and swelling properties of coals. 
In this connection it is of interest to observe 
that both elemental sulphur and chlorine, 
which are chemical dehydrogenating agents, 
also react on coal to form products of 
greatly reduced agglutinating properties. 
There is some evidence that the reaction 
of coal with oxygen takes place by addition 
at double-bonds and it has been pointed 
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out that there are certain analogies in the 
reactions of bromine and of oxygen on 
coal.48 In accord with this view is the 
postulation of the formation of peroxides.44 
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was transformed to closed containers in 
an air-tight handling box filled with an 
inert atmosphere. The precision of the 
measurements was not great, but it was 
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Peroxide formation, as the first step in the 
oxidation of coal, has been suggested by a 
number of workers, but specific proof of 
its presence has been lacking. Conven- 
tional peroxide tests have yielded negative 
results. It has been shown! that a surface 
layer, which oxidizes titanous chloride, 
is established very quickly when an Illinois 
bituminous coal is exposed to air. The 
samples of coal used in this study were 
collected by chipping directly from the 
face of the seam into a small portable ball- 
mill, which could be flushed by an inert 


‘gas. After pulverizing, the ground coal 


sufficient to establish the general trend in 
the oxidizing power of the coals, that is, 
that unexposed coal had negligible oxidizing 
action and that the “active oxygen” con- 
tent increased rapidly during the first 
few minutes of exposure to air, and more 
slowly thereafter. 

Recently two English workers'® have 
applied to coal a method developed?” for 
determining peroxides in gasoline. In 
this method a solution prepared by dis- 
solving ferrous sulphate and ammonium 
thiocyanate in a mixture of water and 
acetone was agitated with the coal. 
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Peroxides or any active form of oxygen will 
oxidize the ferrous salt to the ferric state, 
which gives the characteristic pink color of 
ferric thiocyanate. The pink solution was 


TABLE 3—Carbon-hydrogen Ratios in Coals 
and Oxidation Products—Reaction in 
Oxygen at One Atmosphere 


Atomic C/H 
ime (da ven ie ee eee 
Coal and pomess Wins 
ature (de xidation 
: Coal | Products 
Illinois No. 611... 30 Tiae 0.10 
75a 
Illinois No. 64... 30 ¥.22 0.14 
100° 
Durham? 4.2 Fan.. 27 1.46 0.17 
I07-109° 
Barnsley!?....... 20 1.37 0.13 
I07—-109° 
Illinois No. 67.... bas) 1.27 0.17 
100° 
Pittsburgh’...... 10 I.29 0.15 
100° 
Pocahontas’...... 10 1.59 0.10 
100° 


titrated with titanous chloride. Using this 
procedure’ these workers have studied the 
formation and disappearance of the active 
oxygen on several British coals. It was 
found that the peroxygen is relatively 
unstable and that it disappears rapidly 
at temperatures above 100°C, whereas 
rates of addition of oxygen and of formation 
of alkali soluble products, as well as cation 
exchange properties, increasedrapidly with 
temperature. 

Work has been reported’ on the low 
temperature reactions of oxygen with coal 
in a closed system in which oxygen balances 
could be obtained. The distribution of the 
oxygen in the oxidation products of three 
coals and at three temperatures of reaction 
are shown in Table 4. The outstanding 
feature of the data is the similarity of the 
distributions of the oxygen among the 
oxidation products for the various coals, 
temperatures and times of reaction. In 
general, somewhat over half of the total 
oxygen reacted, is fixed on the coal. and 
20 to 30 pct forms water. These oxidized 
coal samples, containing known amounts 
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of fixed oxygen, were used to test various 
analytical methods for determining the 
extent of surface oxidation. Of a number 
of tests examined, only two, carboxyl 


TABLE 4—Distribution of Oxygen 


Oz 
Used 
Tem- | _. H20, | CO2, | CO, | Fixed 
pera- |Time,|| =. | Per | Per | Per | Per 
ture, Hrs |Milli- | Cent | Cent | Cent | Cent 
deg C moles 
per 
100g 
Pocahontas No. 3 Coal 
75 240 10.86] 30.85] I1.05| 1.66 | 56.43 
75 306 II.40| 29.20] 11.31] 1.58 | 57.90. 
100 261 39.40] 31.60] 12.80] 2.04 | 53.50 
100 312 40.90] 32.16] 12.84] 1.81 53-43, 
125 99 86.40] 29.85] 13.19} 2.08 | 54.85 
125 215 143.0 | 27.62] 14.75| 2.38 | 55-25 
Pittsburgh Coal 
75 223 36.49] 18.82] 14.44] 1.70 | 65.03 
75 319 48.38] 21.19] 9.06] 1.59 | 68.15 
100 240 |104.8 | 27.77) 12.50] 2.10 | 57.63 
100 52 45.7 | 19.04] 10.06] 1.53 | 69.35 
125 43° {139.4 | 17.93] 15.06) 2.01 | 65.00 
125 212. [316.0 | 27.27) 28.77] 26477) Sisoe 
Illinois No. 6 Coal 
75 246.5] 49.35] 18.27] 13.31] 2.09 | 66.32 
75 323 68.27) 20.21] 12.15] 1.96 | 65.36 
100 260 |1890.8 | 33.14] 18.07] 2.53 | 46.26 
100 62 |106.9 | 24.50] 13.84] 2.06 | 59.60 
125 46 |275.4 | 34.77| 16.22) 3.59 | 45.38 
125 148 |327.4 | 29.9 | 19.16] 2.23 | 48.71 


group determination and thermal decom- 
position of the surface complex, showed 


sufficient promise to justify detailed 
examination. The results are illustrated in 
Fig 4 and 5. It is evident that only a 
fraction of the oxygen fixed, a few percent 
for the Pocahontas and 4o pct for the 
Illinois, reacts like a carboxyl group. A 
general linear relation exists, however, 
between the oxygen as carboxyl and that 
known to be present, and hence the method 
can be used as an analytical tool. Examina- 
tion of Fig 5 shows a similar linear relation 
between carbon dioxide evolved from the 
oxidized coals, by heating in vacuum, and 
the oxygen fixed, and this is a more sensi- 
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fraction of the oxygen known to be present 
exists in a determinable form. 

Many observers have noted the great 
difference in ease of wetting, by water, 
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perature reactions which are responsible 
for the formation of humic acids.. With 
the higher rank bituminous coals several 
weeks at temperatures of 125°C may be 


180 
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of fresh and oxidized coal surfaces. It has 
recently been shown'® that the heat of 
wetting of an oxidized coal surface by a 
polar liquid like water may be twice that 


for a fresh surface, whereas the situation — 


is just reversed for a non-polar liquid such 
as hexane. These data afford further 
evidence of the hydrophilic character of 
the primary oxidation products of coal. 

Final evaluation of the commercial 
of the analytical methods 
which have been discussed must await 
their application to naturally aged coal 
samples and correlation of the analytical 
results with carbonization tests. 


Humic Acrip FORMATION 


Relatively little information is available 
on the nature and rates of the low tem- 


required for conversion of 25 to 30 pct 
of the coal. The rate of conversion can be 
greatly accelerated if a liquid phase which 
is alkaline in reaction is present. This 
accelerating action presumably is caused by 
removal of the humic acid as a soluble 
salt and exposure of fresh coal surface to 
attack by the oxygen. 

The humic acids represent the least 
degraded products obtained from coal, 
which are soluble and hence can be ex- 
amined by. classical methods. In the 
massive state they are shining black, if 
finely ground or in a fine suspension in 
water, brown. The alkaline humate solu- 
tions are probably both molecular and 


‘colloidal since a large fraction of the 


material readily migrates through parch-. 
ment, but often significant amounts of 
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nondiffusable material have also been 
reported. The chemical and physical 
evidence points to their being condensed 
carbocyclic and heterocyclic networks 
with peripheral hydrophilic acidic groups 
which are responsible for their alkali 
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solubility. It seems probable that they 
represent fragments of the original coal 
network which are not significantly modi- 
fied except around the edges. Further 
knowledge of the mechanism of their 
formation and their structure would be 
of the greatest importance in establishing 
the nature of coal. The problem is ex- 
tremely difficult and progress is slow. 

As far as is known these acids are not 
being prepared commercially although they 
are useful peptizing agents in clay slips 
and their ammonium salts would probably 
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be .of importance in agriculture if they 
could be prepared cheaply enough. 


WATER SOLUBLE ACIDS 


By the action of oxygen on aqueous 


alkaline suspensions of finely ground coal, 


at elevated temperatures and _ pressures, 
the carbonaceous material of the coal 
can be converted completely to carbon 
dioxide, water and so forth, or by proper 
control, the reaction can be carried to any * 
desired intermediate stage. At any given 
temperature, pressure and alkali concen- 
tration, the fraction of the carbon con- 
verted to carbon dioxide is a useful measure 
of the extent to which the desired type 


_ of product has been formed. The general 


course of the reaction for a Pittsburgh 
seam coal is shown in Fig 6. With this 
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TABLE s—Oxidation'® of Aqueous Alkaline Suspensions of Carbonaceous Materials with 
Oxygen at Elevated Pressure 


Ratio of 
Bee pe | Orsini acer cate “Aro- 
Carbon, | Carbon, eee Carbon pet at 
Per Per Gent to U 
Cent Cent Soluble 
; Carbon 
Se ee Us ee 
Illinois No. 6 seam coal......-.---+++++- 100.2 58.1 9.33 .8 Oo. Ke} 4 
Pittsburgh seam coal.........-.+++-+5: 98.8 49.7 I2.90 2 oO. “2 .0 
High Splint seam coal..........--+-+-+ 102.2 5727 8.03 af Oo. ay) a8} 
Pocahontas No. 3 seam coal........-.-+ 100.6 57.0 4.50 oa Oo. x) .6 
PAAR EIA CLECs oy. 0 hemeuotsinlava aiery @ siege sne's's ou 100.5 59.3 3.40 8 0. 5 6 
GOOCC COKE. 2.2 ee re ee ee ee eee 09.5 61.3 5.20 .0 (Ne ac 2 
MOOTG: COKE sin <0 viele ctehe crs sly + es eaeeeT 85.5 59.8 4.15 7S Oo. .6 .2 
High temperature coke.. 42.7 63.1 2.90 Au Oo. .6 7 
Graphite (40 g)....--++ee essere rete: 62.1 57-9 1.90 ~3 Oo. .8 i 
PGCE (SOE) a chenstetent srt «.« sinyeierel oie mutancy wie 80.5 44.0 6.45 0 Oo. .0 72 


« Oxidized for 24 hr at 250°C; total Pressure, 500 psi; 16 N potassium hydroxide solution; minus 200 mesh, 
50-gram sample except where otherwise note 


coal under these conditions complete but is apparently a consequence of. the 
transformation of the coal to the yellow, condensed cyclic structure of the coal 
water soluble, lower molecular weight and the peripheral character of the oxida- 
acids is only reached at the expense of tion process. It is known,” however, that 
converting some 50 pct of the carbon to somewhat higher yields of the water soluble 
carbon dioxide.'9 This is unfortunate, acids and, lower losses in carbon dioxide 
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are obtained by the use of chemical oxidiz- 
ing agents, such as potassium perman- 
ganate, at temperatures of around 100°C, 
It will be observed that along with car- 
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materials of the rank of a low volatile 
bituminous coal. Above this point larger 
fractions of the carbon appear as carbonic 
acid, until, with graphite, the process is 
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bonic acid and the water soluble, poly- 
carboxylic aromatic acids, significant frac- 
tions of the carbon are converted to acetic 
and oxalic acids. The effect of rank of 
the carbonaceous material upon the yields 
of the various acids is shown in Table 5s. 
In general, there is an increase in yield 
of water soluble aromatic acids up to 


essentially a “combustion.” In this respect 
the action of oxygen, at elevated tem- 
peratures, differs very markedly from that 
of chemical oxidizing agents which may 
yield as much as 38 pct of the carbon of 
carbon black as the polycarboxylic aro- 
matic acid, mellitic. 

In this oxidation process the nitrogen 
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of the coal appears partly as ammonia 
and partly as acids with nuclei containing 
heterocyclic nitrogen. The former is readily 
detected in the gaseous oxidation products 


and nitrogen bases have been found in 
the decarboxylation products of the acids. 
The sulphur is largely converted to sul- 
phates, but small amounts of organic 


sulphur are also probably present as 


heterocyclic nuclei in the acids. 

The number average molecular weight 
of a typical sample of the water soluble, 
polycarboxylic aromatic acids prepared by 
pressure oxidation of a bituminous coal 
is 260, by boiling point elevation in acetone, 
and the average equivalent weight, deter- 
mined by electrometric titration, is 80. 
Thus these acids have, on the average, 
somewhat more than three carboxyl groups 
per molecule. They are strong organic 
acids with a pH of about 2 for a 0.1 N 


Fic 8—GENERAL VIEW OF PILOT PLANT. 
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solution. As is to. be expected, a con- 
siderable range of molecular sizes is present. 
Fractionation of the free acids is difficult, 
but their esters can 


be fractionated in a 


Ea 


molecular still and the separation is 
largely on the basis of molecular weight. 
The densities and refractive indices point 
to aromatic structures and a distribution 
curve for the butyl esters shows a distinct 
peak in the molecular weight range of 
4oo to 405, which corresponds to acids of 
molecular weight of about 220. The 
analytical data indicate that we do not 
have to deal with a series with a single type 
of nucleus, such as the benzene carboxylic 
series in which increase in molecular weight 
is caused entirely by addition of peripheral 
groups, but rather one in which increase 
in molecular weight is caused both by 
increase in nuclear size and additional 
number of peripheral groups per molecule. 
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In view of the probable industrial 
importance of these oxidation products of 
bituminous coal, a group of the sponsors 
of the Coal Research Laboratory, some 
years ago appropriated special funds for 
their preparation on a large scale. The pilot 
plant which was constructed for this 
purpose is shown in Fig 7 and 8. It has 
now, been in operation for 1}4 yr and 
numerous samples have been supplied to 
various industries. Although acids of this 
type have not hitherto been available 
commercially, the results so far obtained 
indicate that they will find a variety of 
uses in the formulation of plastics, as 
intermediates for plasticizers, as peptizing 
agents, as surface active compounds, and 
others. The enormous expansion during the 
past few years in the use of organic struc- 
tural materials in the form of plastics, rub- 
ber, rubber-like products and fibers has 
emphasized the necessity for new sources of 
raw materials. It is believed that these 
products of the low temperature reactions 
of oxygen on coal, which can be prepared 
., in unlimited amounts, at commercially 
attractive prices, will be an important 
factor in meeting future requirements in 
this field. 
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Determination of Petrographic Components of Coal by 
Examination of Thin Sections 


By B. C. Parxs,* Memper AIME, anp H. J. O’DoNNELL* 
(New York Meeting, February 1948) 


In 1930 the late Dr. Reinhardt Thiessen 
set up a method of microscopic analysis and 
type classification of coal that has since 
been followed as standard practice in the 


_coal-petrography laboratory of the Bureau 


of Mines. Thiessen’s terminology which 
designated the constituent parts of coal in 
terms of botanical origin was introduced in 
1920.1 The technique, however, of prepar- 
ing a completely representative series of 
thin sections from a column sample of coal 
for use in making quantitative determina- 
tions of coal components with a microscope 
was developed about 1o years later by 
Thiessen and coworkers G. C. Sprunk and 
H. J. O’Donnell.? Complete thin-section 


analyses subsequently have been made of 


126 column samples of various ranks and 
types of American coals. The data and 
information were assembled from these 
thin-section studies and published in a 
large number of reports dealing chiefly with 


_ investigations of the coking and hydrogena- 


tion properties of certain American coals. 
In the years following adoption of Thies- 
sen’s method, a considerable amount of 


_ work was done in collecting column samples 


; 
oy 

: 

. 


‘respectively, 


of many coals, making routine thin-section 


analyses of these, interpreting the results, 


and finding practical application for the 
information in other fields of coal research. 
The many reports and papers covering the 


Manuscript received at the office of the 
Institute August 2, 1948. Issued as TP 2492 in 
CoaL TECHNOLOGY, November 1948. ; 

* Coal Technologist and Scientific Aide, 
Coal Constitution and Miscel- 
laneous Analysis Section, U.S. Bureau of Mines, 
Pittsburgh, Pa. r 

1 References are at the end of the paper. 
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work in coal petrography, however, offer 
very little discussion that can be considered 
as critical appraisal of the technique. Criti- 
cism outside the Bureau most often has 
voiced questioning opinions concerning the 
accuracy of the method used of measuring 
coal components microscopically and classi- 
fying the coal into arbitrary types on the 
basis of the quantitative determinations. 

The principal purpose of this paper is to 
discuss in some detail and present data 
showing the results of certain investigative 
work done in the petrography laboratory 
on the accuracy of the Bureau’s method of 
microscopic measurement of components 
in coal thin sections. Data from micro- 
scopic analyses on file made by G. C. 
Sprunk and H. J. O’Donnell were freely 
used in the investigation, and a table of 
columnar analyses from an unpublished 
manuscript by Sprunk is included in this 
paper for reference. 

In the course of the experimental work a 
method was developed for measuring in- 
strumentally with a planimeter the com- 
ponents shown in micrographs of selected 
thin sections. Measuring coal components 
with a planimeter furnished useful infor- 
mation for studying the accuracy of micro- 
scopically measuring the same components 
in thin sections. 


PETROGRAPHIC COMPONENTS AND 
Type CLASSIFICATION OF COAL 


Thiessen considered coal to be com- 
posed of two visibly different major com- 
ponents present in various types of coal in 
greatly varying proportions. He named 
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these components anthraxylon and attritus, 
and accepted the already well-established 
term fusain for designating the third and 
minor component.’ 


Anthraxylon 


Anthraxylon was described as, relatively 
simple in structure and essentially homog- 
eneous in appearance. It was recognized 
to be in a coalified form the fairly well- 
preserved cellular tissues of stems, branches, 
twigs, roots, sporangia, and leaves which 
survived plant decay in the early stages of 
coal formation. 

Anthraxylon bands are readily identified 
in hand specimens of coal by the con- 
spicuously bright to brilliantly black 
uniformly appearing bands of this coal 
substance. When a layer of anthraxylon, 
which possesses a marked degree of brittle- 
ness, is broken the particles characteristi- 
cally have thin edges, curved sides, and 
smooth fracture surfaces. 

Anthraxylon can also be easily recog- 
nized in a thin section when seen with 
transmitted light under the microscope. It 
is present in prominent bright orange 
bands, sometimes shaded toward brown or 
red, and usually shows well-preserved cel- 
lular structure of a woody tissue seen in 
cross-sectional or longitudinal view. 


Attritus 


Attritus was defined by Thiessen as a 
mixture of macerated plant debris finely 
divided during the process of plant decay 
in the early peat stage and subsequently 
coalified.4 

Unlike anthraxylon, the composition 
and structure of attritus are not simple. 
Moderate powers of magnification show 
that it is composed of many ingredients, 
some of which are definitely opaque when 
seen in the standard thin section, but 
most varieties are translucent and colored. 
The opaque ingredients of attritus—for 
simplicity called opaque attritus—are 
granular opaque matter amorphous opaque 


Bi 
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matter, and particles of fusinized tissue. 
Translucent attritus includes humic deg- 
radation matter, brown matter, resin- 
ous bodies, and the remains of spores, 
pollen, seeds, and cuticles. Some of these 
names suggest a little doubt as to the true 
botanical nature, but classification is valid 
because the general appearance of these 
ingredients in structural form and colora- 
tion remains the same in many kinds of 
coal. 

Attrital coal is also rather easily identi- 
fied in a hand specimen of coal by its dull 
gray color, or sometimes by a striated ap- 
pearance when interbanded with fine 
shreds of anthraxylon. Attrital coal is a 
tougher substance and much more resistant 
to breakage than anthraxylon. When it is 
crushed, the resulting particles are irregu- 
larly platy in shape with the large frag- 
ments inclined to be blocky. 

No particular difficulty is experienced in 
recognizing attritus in thin sections under 
the microscope. The heterogeneous mixture 
of ingredients of different shape, structure, 
translucence, and color occur in layers that 
are easy to distinguish from the other 
banded components (Fig 1). : 


Fusain 


Fusain, the minor component of coal, is | 
well-known and needs little description. It _ 
seems to be derived mainly from woody 
tissue. Fusain occurs as small particles of 
fusinized tissue in attritus, but is found 
most commonly in thin layers of more or 
less pure fusain interbanded with anthraxy-_ 
lon and attritus. The most characteristic 


feature of this coal component is its close 
resemblance to charred wood. Usually it is 
extremely soft and easily disintegrates into : 
dust-size particles when roughly handled. — 
Some fusain of the mineralized variety has — 
considerable hardness and bright luster. — 
All fusain is rather easily distinguished in — 
thin sections from other opaque matter by 
the characteristic evidence of cellular 


structure. : 


B.C. 


Type Classification 
Thiessen’s system of classifying coal into 
types after the completion of a thin section 
analysis is based on relative proportions of 


ei 
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components and ingredients as determined 
by the microscopic measurements. The five 
types of coal which are recognized and the 
critical amounts of components delimiting 
each type are described in Table 1. 

Subtype designations are used to dis- 
tinguish varieties of coal that have mixed 
characteristics of the main types such as 
boghead-cannel and bright-attrital. 

One of the objects of this study was to 
learn whether the microscopic measurement 
of coal ingredients was sufficiently exact to 
justify establishing type classifications 
within arbitrary limits such as set up in 
Table 1. ° 


Microscopic ANALYSIS OF COAL IN 
THIN SECTIONS 


Preparing Thin Sections 


The first step in preparation for a com- 


plete coal thin-section analysis is the task 


of getting a column sample of the coal to be 


studied. It is quite desirable to have a 


uniform pillarlike sample representing the 
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entire bed from roof to the floor and ap- 
proximately 12 in. square in cross-section. 
The hard, brittle nature of most coals 
makes column sampling a very difficult job, 


X 200 


Fic 1—MIcROoGRAPHS OF THIN SECTIONS OF COAL SHOWING THE COMPONENTS ANTHRAXYLON (AN.), 
ATTRITUS (ATT.), AND FUSAIN (FUS.). 


and ‘near perfect columns are secured only 
with considerable care from the softer coals 
of lignite rank (Fig 2). When the petro- 
graphic analysis is to be made in conjunc- 
tion with other tests and studies of the same 


TABLE 1—T ype Classification 
CRITICAL AMOUNTS OF 
TYPES : COMPONENTS 
Cannel coal... 3. Less than 5 pct anthraxylon and 
predominantly translucent at- 
tritus with little or no oil algae 
Boghead coal...... Less than 5 pct anthraxylon 
and the translucent attritus 
predominantly oil algae 
More than 5 pct anthraxylon 
and less than 20 pct opaque 
attritus 
More than 5 pct anthraxylon 
and 20 to 30 pct opaque 
attritus 
More than 5 pet anthraxylon 
and more than 30 pet opaque 
attritus 


Brigtt coal, =e... > 
Semisplint coal..... 


Splimbsooalenemrecen 


coal, the column sample is cut from the coal 
bed in adjacent position to the samples re- 
moved for the other tests. 

The column sample, after being brought 
to the laboratory, is put under a cut-off saw 
and a subcolumn approximately 3 in. wide 
and 6 in. deep cut out. With the bedding 
planes of the coal in mind, the subcolumn is 


: nd 
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cut so that the narrow, vertical surface can parallel lines spaced 0.8 in. apart are 
be oriented in a parallel position to the marked off on the subcolumn. These lines” 
sampled face of the coal bed. Beginning at mark the position of the small blocks which 
the bottom and continuing to the top, are cut from the subcolumn and used in _— 


Fic 3—SHOWING HOW SMALL BLOCKS TO BE 
USED IN PREPARING THIN SECTIONS ARE 
MARKED OFF FOR SAWING IN SERIAL POSITION , 
ON SUBCOLUMN. 


making the thin sections (Fig 3). If a pro- | 
file analysis is to be made, a duplicate — 
subcolumn is also cut, and the surface to 
be studied in detail is polished to a mirror- 
like finish. Care is exercised in cutting both © 
subcolumns to have the working faces of ; 
each adjacent to the other. This is done to 

facilitate a comparative study, if so desired, © ‘ 


asin Gentil 


is ... Of the polished surface profile analysis — 

Fic 2—PHOTOGRAPH OF A COLUMN SAMPLE. (megascopic) and the thin-section analysis — 
LIGNITE FROM OUACHITA Co., ArK. HEIGHT (micro a z 
39 IN., WIDTH AND DEPTH 14 IN., WEIGHT roscopic } 


230 LB. Small blocks cut from the subcolumn as 


7 
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indicated by the spaced lines in Fig 3 are 
reduced in size by cutting to dimensions 
about 1 in. long, 0.8 in. wide, and 4 in. 
thick. One face is then smoothed and 
polished and after first being properly 
oriented is cemented to a standard glass 
slide. The mounted blocks are then ground 
down to a thickness of about 5 to 10 mi- 
crons. This is done with exceeding care to 
produce a thin slice of coal as nearly as 
possible of uniform thickness, which will 


transmit light through all the coal com- 


ponents except the truly opaque. The entire 
procedure of making thin sections requires 
great skill during each operation. The tech- 
nique cannot be adequately described in a 
few words nor expert skill in its perform- 
ance acquired in a short time.® 

The completed thin section ready for use 
consists of a standard microscope slide to 
which the thin slice of coal approximately 
0.8 in. wide and 1 in. long is mounted 
securely with a cement having the same 
optical properties as the glass. The section 
is protected with a standard glass cover slip 
cemented to the section with Canada 
Balsam. The complete series of thin sections 
prepared from the column can be thought 
of as a disconnected, transparent, ribbon- 
like sample of coal about 8 microns thick 
and 1 in. wide, representing an entire coal 
bed or some sizable part. R 

The ribbonlike sample of thin sections is 


~ not, however, a complete representation of 


the coal bed because of some loss from 
sawing and polishing. Coal lost in preparing 
sections is kept at a surprisingly low figure 
for most coals by careful work. It is not 


unusual to have the measured widths of all 


sections total 90 to 95 pct of the height of 
the original column sample. The amount of 
coal lost in thin section preparation because 
of difficulty in grinding to right thinness 
increases as the coal becomes higher in rank 


-up to the low-volatile bituminous coals. It 
is not practical to make thin sections of 


anthracite since this coal does not become 
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translucent at any thinness to which the 
section can be successfully ground. 


) Microscopic Measurement 


The basic instrument used in measuring 
coal components in a thin section is a 
biological-type microscope equipped with 
binocular eyepieces. A pair of 15-power 
oculars is used with 32- and 16-mm objec- 
tive lenses to obtain working magnifica- 
tions of 60 and 150 diam. 

Into one of the eyepieces is inserted a 
Whipple micrometer disc. This is a glass 
disc on which is centered a 7-mm square 
field divided into one hundred o.7-mm 
squares with the central one subdivided 
into twenty-five o.14-mm squares. These 
values represent the real dimensions of the 
square fields scribed on the Whipple disc 
(Fig 4). Under microscopic magnification 
the dimensions change; therefore, it is 
necessary to calibrate the disc with a stage 
micrometer for different powers of magnifi- 
cation as is shown in Table 2. In standard 


TABLE 2—Calibrated Values of the Whipple 
Disc with Binocular Microscope* 


Central 
Magnifica- yericet Que Fears Sendo e 
tion ie o C.v.f. 
(zo Squares) (26 Square) 
x Mm Mm 
(0) "i 0.7 0.14 

40 2.78 Oo. 0.056 

60 1.86 ‘On 0.037 
100 I.09 oO. 0.022 
150 0.73 oO. 0.015 
200 0.56 oO. O.0LI 
300 0.36 oO. 0.007 
A475 0.23 oO. 0.005 
712 0.15 Oo. 0.003 


* Calibrated values of the Whipple disc made with 
binocular microscope by different observers vary 
slightly when horizontal adjustment (interpupillary 
spread) of the eyepieces is necessary. 
practice opaque attritus, fusain, and min- 
eral matter are measured at a magnification 
of 60 diam and anthraxylon at 150 diam. 
Translucent attritus is not measured di- 
rectly but is determined by difference. 
The technique of measuring coal in the 
thin section is accomplished by manipulat- 
ing the mechanical stage of the microscope 
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to move the central vertical field of the 
Whipple micrometer disc along two lines 
extending from bottom to top of the section 
and located near the middle of the right and 


Mounted thin section 
showing position of 
measured transects. 


Whipple disc. 
\ 


Portion of thin section transected showing coal 


‘— >. a 
\ \ 
4 
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field moves are necessary to complete a 
single transect across the section varying of 
course with width of section and magnifi- 
cation. A shift of the stage horizontally 


eae | 
Opaque > Attritus 
‘1 
Attritus 
EE 
a 7 
Anthraxylon 


oe] 
‘| 
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= 6 
Anthraxylon F 


components crossed with central field = | 
of Whipple disc. f a 3 


75-7 tem te | 


Fic 4—DIAGRAMMATIC SKETCHES ILLUSTRATING MICROSCOPIC MEASUREMENT OF COAL COMPONENTS 
IN A THIN SECTION. 


left half of the section. Only the central 
vertical tier of squares containing the sub- 
divided midsquare of the disc is used in 
measuring the coal components that are 
crossed in transecting the section. For 
visual convenience the remainder of the 
disc is masked off. In manipulating the 
mechanical stage during measurement 
the vertical movement along the transect is 
not continuous but is done in steps. Each 
step moves the thin section a distance 
which is the length of the central field of 
the Whipple disc. When the total areas of a 
coal component or components lying under 
the unmasked central field are determined, 
the section is moved along the transecting 
line exactly the distance of the central 
field. These field moves are thus continued 
until the section is crossed. From 20 to 25 


B 


brings the section into position for measur-_ 
ing the next transect (Fig 4). Values deter-_ 
mined from the two transect déternineae ; 
are recorded separately and the averages of 
the two are the accepted figures for the — 
section. ; 
After all the thin sections representing — 
the entire column sample have been meas- 
ured as described, the resulting data are 
assembled and set up graphically in colum- 
nar form as shown in Fig 5. Percentagewise 3 
distribution of anthraxylon, translucent — 
attritus, opaque attritus, and fusain 
Pheciar one the column is shown by bar — 
diagrams in which each bar represents a 
thin section. On the basis of relative per-— 
centages of components the coal is classi- 
fied into types. The coal types usually are. 
formed into distinct layers which are 


é 
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easily discernible when the coal column is 
examined megascopically. Distribution of 
components in the various type layers and 
the average composition of the entire 
column, (Fig 5), is shown in Table 3. 


TABLE 3—Components in Type Layers, Per 


Cent 
Trans- 
: Opaque 
Sec- | Anthrax- Fu- 
Layer| Type tions] ylon Attri- sain 
I Bright | 1-27 62 4 
2 Semi- |28-32 34 6 
splint 
3 Semi- |34-36 28 3 
splint 
4 Bright |37-54 48 3 
5 | Splint |55-56 5 I 


Average Composition of Entire Column, 


Per Cent 
Translucent | Opaque : 
Anthraxylon | “‘attritus Attritus | Fusain 
St 30 15 4 


AccuRACY TESTS OF STANDARD 
METHOD OF THIN-SECTION ANALYSIS 
OF COAL 


The question of whether or not signifi- 
cant variations occur in the results of 


TABLE 4—Comparison of Microscopic Measurements Made with Whipple Disc of Ruled 
Opaque Lines 


Operator B 


Mag Per 
yet Length 
Field Cent 
Moves |f Trans. Opaque 
x Mm 
40 2.78 7.0 19.5 27.0 
100 1.09 7.7 19.3 27.8 
200 0.56 34.6 19.4 28.0 
A475 0.23 83.4 19.2 28.2 
712 0.15 126.2 18.9 26.3 
Averages... tt 


microscopic analysis by different observers © 


or with the same observer using different 
powers of magnification has been the 
subject of much discussion and some ex- 
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No. 
Field 
Moves 


* Calibrated length of central vertical field of the Whipple disc. 


perimentation in the coal petrography lab- 
oratory. One such test had seemed to show 
that with the use of increasing magnifica- 
tions the amount of opaque matter as 
determined in the same thin section prog 
gressively decreased. £ 


Effect of Increased Magnification 


. 
A simple experiment was first carried out 
to test whether increasing the magnifica- 
tion had any effect in determining the 
results of measuring the same opaque areas. 
A number of parallel lines of variable width 
were ruled with black India ink on a stand-_ 
ard glass slide and a thin vertical white 
line of fixed length was drawn through 
these to serve as a transect guide. The total — 
amount of opaque area was determined in 
crossing the inked lines along the transect 
line. Three operators made independent _ 
determinations with two microscopes of — 
different make and using magnifications of 
40, 100, 200, 475, and 712 diam. ; 
The data from this experiment shown in — 
Table 4 established the fact that, provided 
the contrast between opaque and translu- 
cent areas was well defined, a high degree 
of accuracy could be obtained by measuring 
at any magnification and with different 


Operator C Operator D 


make microscopes when careful work was 
done. A tendency toward a slight cumula- 
tive error was noted as the number of 
moves of the disc micrometer increased 


\ 


a 

with higher magnifications. This was no- 
ticed in apparently a slight shortening of 
the measured length of the transect line 
- with increasing number of necessary field 
__ moves, but no tendency toward cumulative 
_ error was noted in the results of the total 
_ opaque determinations. 


- Planimeter Measurement of Opaque Matter 


__ The measurement of coal components by 
use of the microscope and micrometer disc 
is essentially a highly refined method of 
visual estimation. To determine how good 
or how bad the results of microscopic 
estimations by a trained observer really are, 
_ it would be desirable to check the micro- 
scopic determinations against values ob- 
- tained by some different method of 
measuring. The use of a polar planimeter 
and enlargements of thin-section micro- 
_ graphs for measuring coal components to 
- compare with microscopic determinations 
seemed to offer interesting possibilities. 
An experiment embodying this idea was 
carried on in the following manner: Micro- 
_ graphs were made of two coal thin sections 
which contained relatively high percent- 
ages of opaque matter. In one section the 
- opaque matter occurred in more or less 
random distribution, in the other it was 
distinctly banded. The micrographs were 
enlarged 334 times raising the magnification 
/ to approximately 750 diam. Each micro- 
_ graph was trimmed toa size 227 mm high 
~ by 180 mm wide and divided with vertical 
lines into 18 strips equal in width (Fig 6). 
For the purpose of the experiment the 
width of the trimmed micrograph (180 mm) 
/ was assumed to be the width of the central 
2, field of the micrometer disc at 40 magnifi- 
cations. By computing the ratio of the two 
magnifications the width of the central 
field at X 712 was found to be 48 as wide 
asat X 4o. Thus in changing magnification 
from 4o to 712 power the width of the area 
measured with the central field is reduced 
to a width (x that of the low magnifica- 
: _ tion. Therefore by design the test involved 
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measurement of areas marked off on a 
micrograph that had the same com- 
parable ratio of size as the microscopic 
fields measured in the thin section at X 40 
and X 712 magnifications. 

Before actual measurements of the 
opaque areas on the micrographs with the 
planimeter was begun, considerable prac- 
tice work was done measuring various 
shaped small areas drawn on glossy card- 
board. This was done to give proficiency 
in manipulating the instrument and to 
determine its limitations in regard to 
accuracy. It was found that with careful 
work the planimeter was quite reliable 
for measuring areas of only a few square 
millimeters which were comparable in size 
and outline to the small opaque areas of the 
enlarged micrographs. 

All black areas on the micrograph en- 
largements were checked with the original 
thin section under the microscope to make 
certain that only opaque attritus was repre- 
sented. The confirmed opaque areas were 
then outlined with a medium-hard pencil to 
form a track that could be easily followed 
with the tracing pointer ‘of the planimeter. 
This feature gave assurance that the same 
area would be traced each time in making re- 
peat measurements for checking purposes 
even when done by different operators. 

In securing the experimental data, every 
strip on both photographs was measured 
and the results recorded separately. The 
data thus obtained were then subjected 
to a certain amount of analytical study. 
Tables 5 and 6 summarize the information 


‘and show some of the more important 


results. 

The averaged value of the 18 measured 
strips of the Millers Creek coal (Fig 6A) is 
shown to be 14.2 pet. This value was ac- 
cepted as representing the total opaque 
area measured in the photograph. An 
approximately identical value was obtained 
by dividing the sum of all the individually 
measured opaque areas in the 18 strips by 
the total area of the micrograph. The value 
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14.2 is in surprisingly close agreement with 
the previously made microscopic determi- 
nation of the same area in thin section 
which was 14.0 pct. 
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umn 3), and with these data the standard 
deviation (3.7) was computed by the for- 
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Strip pattern drawn on enlargments (X35 3 ) of photomicrographs (A) and (B), 


FIG 6—SHOWING AREAS OF TWO THIN SECTIONS PHOTOGRAPHED AND ENLARGED FOR PLANIMETER 
MEASUREMENT OF THE OPAQUE AREAS, 


A close examination of the values in 
column 1 of Table 5 shows a range from a 
low of 6.4 to a high of 20.3 pet. This range 
can be expressed also*as a variation from 
the average value within extremes of +6.1 
and —7.8 percentage points. The range of 
deviation therefore equals 13.9 percentage 
points. The deviation of each strip from 
the average was computed as shown in 
column 2; these values were squared (col- 
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Data from the measurement of opaque — 
areas in micrograph B (Fig 6), representing — 
banded opaque attritus in the Pittsburgh — 
coal are shown in Table 6. The results of 
this test show the same general trend, but 
with slightly less deviation from the aver-— 
age in amount of opaque measured in each — 
strip. The value of 31.1 pct opaque com-— 
puted by averaging the 18 measured strips" 
was almost the same amount oo 


. 


- by the microscopic determination, 30.8 
me pct. 

The experimental tests of measuring 
opaque areas outlined in micrographs of 


TABLE 5—Results of Planimeter Measure- 
ment of Opaque Matter in Micrograph of 
Thin Section of Millers Creek Coal 
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Microscopic Measurement of Opaque 
Matter in Block Sample 
With the information obtained from the 
previously described work as background, 


TaBLE 6—Resulis of Planimeter Measure- 
ment of Opaque Matter in Micrograph of 
Thin Section of Pittsburgh Coal 


Microscopic determination same area in thin 
SE CHIOM Is vicitietemldl evairieseiele oie eine stele sien efei.0er 


thin sections gave results that were in ex- 
tremely close agreement with microscopic 
determinations of opaque attritus in the 
areas of the thin sections that were photo- 
graphed. This close check between visual 
microscopic estimation with an eyepiece 
micrometer and measurements made with 
a manually operated instrument seemed to 
lend positive support for reliability of 
‘microscopic determinations. 

The study also showed that if the total 
area under observation was divided into a 
number of equal strips, each of which was 
measured, these strips could be considered 
incremental parts of the whole area, and 
' certain quantitative relationships between 
ae the increments and the whole could be 
determined by analytical study. 


I 2 3 
Strip No. aa Strip No. 
Per Cent | Deviation from x2 Per Cent | Deviation from x2 
Opaque Avg. (X) Opaque Avg. (X) 
I 20.3 +6.1 S752r - I 17 +0.6 0.36 
2 1277 —1.5 (2.25 2 28.5 —2.6 6.76 
3 E305 —0.7 0.49 3 28.4 —2.7 7.29 
a 17.4 +3.2 10.24 4 29.3 —1.8 3.24 
5 12.0 —2:2 4.84 5 27 —3.8 14.44 
os 12.9 —1.3 1.69 6 26.6 —4.5 20.25 
a rh wes 2 —3.1 9.61 7 29.5 —1.6 22. 60) 
8 Tier —3.1 9.61 8 31.0 —0.1 0.01 
fe) TA.o° }* —0.2 0.04 9 28.6 —2.5 6.25 
10 19.7 +5.5 30.25 10 28.7 —2.4 5.70 
It te trae 4 foie 10.24 II Ce if —3.4 II.56 
£2 TF —1I.5 2.25 12 31.4 +0.3 0.09 
a3 ie +2.9 8.41 13 32.8 +1.7 2.89 
14 18.7 + 4.5 20.25 14 37-4 “FO.3 39.69 
z 15 16.3 +2.1 4.41 I5 35-7 +4.6 21... 16: 
16 13-7 —0.5 0.25 16 Any. +3.6 12.96 
17 .8 —5.4 29.16 17 34.2 +3.1 9.61 
18 6.4 —7.8 60.84 18 36.0 +4.9 24.01 
255.8 54.8 242.04 559.5 50.5 188.89 
Average.... 14.2 Average.... am 
ee ee nn a 
Extremes of deviation about average value... Extremes of deviation about average value... 
a (+6.1) (—7-8) ae (+6.3) (—4-5) 
Range of deviation between extremes.......- ts .6 Range of deviation between extremes.......- 10.8 
Mean deviation. «0.52.0. cee sede ct ee eee r ee 3.0 Meat deviatiGtiirn crs sites rascals siiis.e mereie aeue © ple 2.8 
Standard deviation........---++seeeesresee ga Standard deviation... ..- se sect eee eee 
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a statistical study of the measurement of 

opaque matter was extended to the thin 

sections of a block sample of Pittsburgh 

coal. The block sample selected had been 

thin sectioned and microscopically analyzed 

in 1941. The suite of ro thin sections made 

from the sample was still available in good 
condition for study as also were the records 

of the analysis. 

It was planned in this test that the micro- 
scopic measurements would include a com- 
plete coverage of all 10 sections, accom- 
plished as follows: Beginning at the left 
margin of each section a vertical strip the 
width of the central field of the micrometer 
disc at 40 magnifications was measured, and 
in successive order strips the width of this 
field were measured to the right edge of the 


546 DETERMINATION OF PETROGRAPHIC COMPONENTS OF COAL 


section. The number of strips measured in across the sections, are included in the 
each thin section ranged from 4o to 82, de- table. This arrangement of the data is, in 
pending on the length of the section. Fusain effect, a sampling analysis of the strip 
was included in the measurement of the measurements of the ro sections. : 
opaque attritus. If the values in Table 7 opposite B (line 

The significant results obtained in this marked percent opaque) are accepted as the 
test are summarized in Table 7. The values correct amount of opaque attritus and fu- 


Taste 7—Tabulated Data of Microscopic Determination of Opaque Altritus and Fusain 
in 10 Thin Sections Representing Block Sample of Pittsburgh Coal 


Averages — 
7 


A No. of transects..... 
Per cent coverage... 3-30 
Per cent opaque.... 13.4 
B No. of transects..... + 
Per cent coverage... 100.0 — 
Per cent opaque.... 13.9 
B-1 No. of transects..... - } 
Per.cent coverage... Fs - 0] 20.28 
Per cent opaque. 73 16.5] 22.9 13.7 
B-2 No. of transects..... 7 6 5 
Per cent coverage...| 9.6] I1.1I pi | .0 at ‘ 10.2] I1.9 10.7 
Per cent opaque....| 17.7] 7.4] 11.5] 10.4] 7.5] 11.6 16.8] 21.7 13-7 
B-3 Novwof transects..... 4 4 4 2 4 5 3 2 
Per cent coverage...]| 5.5] 6.3] 6.5] 5.0] 5.6] 6.1 Pye ORR 5.6 a 
Per cent opaque....| 18.6] 7.6] 12.2] 10.4] 8.3] 11.3 16.4] 21.6 13.8 
B-4 No. of transects..... 2 2 2 2 2 2 2 2 
Per cent coverage... 25 9{ eZ 4l dwscan 25201 aol mae 3-4, 4.8 me i 
Per cent opaque....] 16.4] 6.6] 9.7] 10.4] 9.0] 12.6 16.3] 21.6 13.4 
B-s No. of transects.....] I I I I I I I I 
Per cent coverage... Fb 8 Ob. was OL Pe O28 BAL rea T.7) 2.4) Tei 
Per cent opaque. ...]. 19.8] 8.0] 12.9] Ir.0]/ 7.7] 12.4 en) Nae tek 13.6 


Previous analysis by standard method. 
Complete coverage of every thin section, 
Beginning with 3d, every 5th transect. 
Beginning with sth, every roth transect. 
Beginning with roth, every 20th transect. 
Center transect in right and left half of section. 
One transect sampled through center of section. 
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shown in the table opposite A represent the sain in each thin section, then similar 
earlier microscopic determination by the values in the rest of the table show the 
standard method of opaque attritus and variation from the true amount as conse- 
fusain in this particular block sample of quence of incomplete coverage of the thin 
Pittsburgh coal. The records of the analysis _ sections. It will be noted in the table that _ 
do not state the exact position in each the values for B-1, representing 20 pct 
section the transects were taken, but no coverage by the space sampling as de- 
doubt the practice was followed of tran- scribed, differ very little from those for too 
secting near the center of the right and left pct coverage. The variation for each section 
half of the section. The values beneath and from the true value for the section repre- 
opposite B in Table 7 represent complete sented by complete coverage became more _ 
strip coverage of each section and can be_ erratic as the percentage of coverage 
assumed to be the closest obtainable decreased. d 
approximation to absolute values by this The quantity of opaque attritus and 
method of microscopic measurement. fusain in the block sample determined by 

Data representing strip coverage of each averaging the measurements of the to thin 
section from approximately 2 to 20 pct of sections was essentially the same irrespec- 
the total area, obtained by equally spacing tive of the degree of coverage. This is 
the transects at various interval widths shown in the last vertical column under the 


. 


heading averages. The range of deviation 
for the seven values given in this column is 
0.4 percentage point and the maximum 
deviation from the 100 pct coverage is 0.3 
percentage point. 

The results given in Table 7 seem to show 
that the determinations of total quantity 
of opaque components were essentially the 
same, whatever the amount of transect 
coverage for a section within a range of 1.7 
to 100 pct. The term “‘coverage”’ as used 
refers to the number of transects made in 
relation to the total possible number for the 
particular section and the magnification 
used. The percentage values of coverage 
can also be expressed in terms of areal or 
linear measurement, inasmuch as thin sec- 
tions are very closely rectangular. 

It is probably best to think of micro- 
scopically transecting thin sections asa 


TaBLE 8—Deviation of 10 Sections from 
Complete to Partial Coverage 


Thin Section 
Coverage, Per Cent 


OOO. chal a cranes ot et sn 
20.2 (avg. 10 sect.).. 
10.7 (avg. 10 sect.).. 

5.6 (avg. 10 sect.).. 
3.3 (avg. 10 sect.).. 
1.7 (avg. 10 sect.).. 


- form of linear volumetric measurement in 
which the total linear distance transected is 
divided into equal units the width of the 
- section and spaced equally across the sec- 
tion. Considered as increment sampling, it 
is suggested by the data that if the number 
of increments sampled represents about 20 
pct of the possible number for a section the 
resulting determination will approximate 
that obtained by complete section coverage 
with a variance not exceeding o.8 of a per- 
centage point. Deviation from the values 
obtained with too pct coverage for the Io 
thin sections determined by increment 
transect sampling representing from 20.3 
to 1.7 pet coverage of the sections is shown 
in. Table 8. _ 
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The second column above shows that the 
average deviations from complete to par- 
tial coverage of ro sections are insignifi- 
cantly small. This suggests the reason why 
the minimum number of transects sampled 
in each section was adequate to evaluate 
the opaque components in the total block 
sample of to sections within an error of 2 
pct. However, to achieve approximately the 
same degree of accuracy for any particular 
thin section of the series, it was necessary 
to sample about 20 pct of the possible 
number of transects in the section. 

The block sample of coal under study was 
classified on the basis of complete analysis 
of all components as a finely banded bright 
coal with the components fairly uniformly 
distributed. A minimum number of incre- 
ment transects would seemingly suffice to 
evaluate the components in coal of this 
general petrographic composition. 


Measurement of Anthraxylon in Block 
Sample 


Using the thin sections from the same 
block sample of Pittsburgh coal, similar 
tests were applied to measuring the an- 
thraxylon content. These determinations 
differed from the previous experiment with 
opaque matter in that a limited number of 
spaced transects were sampled instead of 
complete coverage of each thin section. 
The summarized results of the test are 
shown in Table 9. A sketch showing the 
position of the transecting lines in each 
section is included at the bottom of the 
table. The same* relative spacing, deter- 
mined by measured lateral moves, was 
applied to each of the to sections. 

It is probably reasonable to assume that 
the values under column 8 of Table 9, 
which are averages of 5 transects in each 
section, represent the closest approxima- 
tions in the data given to the total quantity 
of anthraxylon in these sections. Also, the 
grand average at the bottom of this same 
column can be accepted as the determined 
amount of anthraxylon in the block sample. 
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opaque matter the quantity of ee 
matter which is probably of transitional 


nature is increased. With this increase the — 
factor of personal judgment in classifying — 


A study of the values in column 8 compared 
with the rest of the data in the table makes 
it evident that conclusions to be drawn 
from these experimental data follow the 


TaBLE 9—Tabulated Data of Microscopic Determination of Anthraxylon in to Thin 
Sections Representing Block Sample of Pittsburgh Coal 


8 9 


seo ene Avg. of Standard 
-| Tran. 1 | Tran. 2} Tran. 3 | Tran. 4| Tran. 5 5 Trans. Method 
I 25.7 23.2 25.0 ch peed 20.4 25S 25.5 24.4 26.0 
2 51.9 48.3 47.7 49.6 44.6 48.3 49.0 48.4 50.0 | 
3 41.3 44.6 42.3 47.3 44.6 43.0 46.0 44.0 46.0 
4 60.0 60.0 64.6 61.0 63.6 61.8 60.5 61.8 61.0 
5 56.0 56.2 59.0 56.8 58.1 be 56.5 hy Wee 53.01 a9 
6 45-7 46.1 41.4 49.8 44.3 45.0 48.0 45.5 45.0 
7 49.5 50.0 53-7 53-3 51.5 50.3 pany! 51.5 51.0 
8 58.2 60.0 57.8 53.2 Baya Sock 56.6 56.4 55-0 
9 46.2 43-7 45-2 43.6 52:5 49.4 43-7 46.2 49.0 
10 43-5 ‘46.9 44.2 41.7 44.3 43.9 44.3 44.1 45.90 
Averages....| 47.8 47.9 48.1 48.4 6 <% 48.2 48.0 48.1 


Position of transects 


some of this transitional material either as 
brown matter or opaque attritus may have 
a marked effect on the quantitative results. _ 

If the section values in Table 10 under 
columns A and B are compared, it will be 
noted that the greatest deviation from du- 


same pattern as for the similar experiment 
in measuring opaque matter. 


Measurement of Opaque Aittritus and 
Fusain in Column Sample 


The final experimental test dealing with 


microscopic measurement of coal com- 
ponents involved determination of opaque 
attritus and fusain by complete coverage 
of each section in a series representing an 
entire column sample. A relatively short 
‘column from a 314-ft coal bed and repre- 
sented by 34 prepared thin sections was 
selected. The coal had been classified on 
the basis of an earlier analysis as semisplint. 
The high content of opaque attritus and 
fusain made the test rather rigorous, par- 
ticularly in comparing results with the 
former analysis, In thin sections high in 


plication of the two usually occurs in thin — 
sections with high percentages of opaque 
attritus. These are the types of thin sec- 
tions in which correct thinness to be certain 
of translucence is most difficult to obtain. 
Although the determinations represented | 
by columns A and B were done by two 
different operators almost to years apart, it 
can be seen that the evaluation of opaque 
attritus and fusain in the column as given’ 
by the averages at the bottom of the col-— 
umns are in good agreement. If the average 
for the complete coverage determination 
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column B is accepted as the correct value 
then the average of two transects measured 
in each section shown in column A gives a 
value only 7.5 pct in variance. 


TABLE 10—Comparison of Microscopic De- 

terminations of Opaque Attritus and Fusain 

in Column Sample of Eagle Coal from West 

Virginia by Sampling Two Transects in 

Each Section (Standard) and Complete Tran- 
sect Coverage 


Thin A B Differences 

. (Complete 

Section (Standard) Govérare) A =— 
u 18.0 13.1 — 4.9 
2 4.0 3.1 — 0.9 
3 290.0 24.5 — 4.5 
4 28.0 28.4 + 0.4 
5 8.0 8.7 + 0.7 
6 29.0 24.8 — 4.2 
7 14.0 10.3 Cat Four 
8 19.0 14.0 — 5.0 
9 225.0 Lior — 4.9 
10 30.0 28.5 ah ears} 
Ir 20.0 a AS — 1.5 
12 62.0 46.9 —I15.1 
13 45.0 45.2 + 0.2. 
14 22.0 2507 eS 
TS 46.0 43-1 = F2h9 
16 19.0 17-5 — 1.5 
17 I4.0 ¥4.2 + 0.2 
18 36.0 3 lies — 4.6 
19 36.0 35-6 — 0.4 
20 30.0 32.0 + 2.0 
21 47.0 43.8 — 3.2 
22 41.0 38.3 — 2.7 
23 35.0 30.0 + 1.0 
24 13.0 E302 + 0.2 
25 2270 22.6 + 0.6 
26 70.0 “61.0 — 8.4 
27 53-0 48.4 — 4.6 
28 50.0 46.3 — 3.7 
29 67.0 63.8 — 3.2 
30 740 7.9 + 0.9 
Sr 8.0 6.5 =n os: 
32 3.0 3.0 
33 6.0 9.3 Se eos) 
34 17.0 19.7 2.7 

Averages. 28.8 pct 26.8 pet 


Comparison of Thin Section Analysis of 
Different Column Samples 


; In Table 1x the data from the petro- 
graphic analysis of two column samples of 
Pittsburgh coal collected at the Bruceton 
experimental mine are shown. The coal 
in this mine when examined at a fresh face 
has the distinct appearance of uniformity 
from floor to roof. The petrographic analy- 
sis of the first column sample obtained 
_ from the mine verified the megascopic 
‘appearance of uniformity. To a certain 
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degree, therefore, in view of known uni- 
formity of the coal, the determinations of 
the petrographic components in these two 
column samples which are essentially the 


TABLE 11—Petrographic Components im 
Two Column Samples of Pittsburgh Coal 
Taken 75 Ft Apart in the Same Mine, Per 


Cent 
ee eee eS 
Trans- 
An- Opaque 
Sample thrax- eta Attri- a 
ylon ee ‘ tus Bat 
Column Ainss. 6s % 63 22 x2 3 
Coltaiamr Fis) ere 66 20 ro 4 
Components in column samples, Pittsburgh coal, 
from 5 mines 
pecabers Mine 
ayette Co., Pa...... 50 44. 2 
Consolidation ¥ 
No. 63 Mine 
Marion Co., W. Va.. 50 40 7 3 
U.S. Experimental 
Alleg. ConsPa aise 63 22 12 3 
Pittsburgh 
Terminal No. 9 
Mine, Wash. Co., Pas 65 24 i] 4 
Apex Mine . 
Harrison Co., Ohio... 57 36 6 I 
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same represent a check on the reproduci- 
bility of the method of thin section analysis. 

In the lower part of the same table thin 
section analyses of five column samples of 
Pittsburgh coal from widely separated 
mines are given. These analyses show sig- 
nificant differences in the composition of 
the coal in terms of petrographic compo- 
nents but, of course, do not offer any proof 
of accuracy. If reliability of the technique 
of microscopic measurement is accepted as 
a demonstrated fact, the analyses of 
column samples obtained from variously 
located mines show that appreciable dif- 
ferences in composition can be quantita- 
tively evaluated. 


SIGNIFICANCE OF AccuRACY TESTS IN 
RELATION TO PRACTICAL APPLICATION 
oF THIN-SECTION ANALYSIS 


There is no particular need to cite here 
the many lines of coal investigation in 
which coal petrography has proved to be 
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useful, but it may serve the purpose of this 
report to close with a brief account of the 
role of petrography in coal hydrogenation. 

Considerable research work has been 
done by the Bureau of Mines in testing 
various ranks and types of coal for hydro- 
genation yields. Furthermore, the various 
coal components and ingredients have been 
isolated in more or less pure form and sub- 
jected to the same tests. As a result of these 
tests it is now known that there is a definite 
relationship between the petrographic com- 
position of a coal, ease of liquefaction, and 
yield of various products.® When the petro- 
graphic composition of a coal is known 
quantitatively, the reaction of the coal to 
liquefaction and the yield of liquid products 
can be predicted. ; 

Anthraxylon, the chief component in all 
bright coals, will hydrogenate very readily 
and give an exceptionally high yield. Simi- 
larly all the ingredients of attritus that are 
conspicuously translucent, such as trans- 
lucent humic matter, spores, pollen, cuti- 
cles, waxy-resinous matter, and oil algae, 
give high yields and are easily hydro- 
genated. There is also evidence that the 
translucent constituents of coal yield liquid 
products differing in quality. More phenols 
and aromatic hydrocarbons seem to be 
present, for instance, in the liquid product 
from anthraxylon than from that of spores, 
resins, and oil algae. 

No practical way has been found to iso- 
late pure, opaque attritus for special tests, 
but attrital coals having a very high con- 
tent of opaque matter, such as some splints, 
give considerably lower yields and are 
much more difficult to liquefy than bright 
coals high in anthraxylon and translucent 
attritus. Experimental tests with high 
opaque coal fix the calculated yield in some 
tests as low as 4o pct for opaque attritus 
and a probable average of 60 pct yield for 
this component. 

Fusain is the most difficult to liquefy and 
gives the lowest yield of any coal compo- 
nent. Yields of 5 to 25 pct have been ob- 
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tained with megascopically “pure”’ fusain. 
It is believed, to account for the variation 
in yield, that a small amount of fusain 
which appears megascopically to be “pure” 
but when it is seen under the microscope _ 
actually is reddish translucent may liquefy - 
more readily than most fusain which is” 
completely opaque under the microscope. 


A microscopic analysis reveals the heter-_ 


ogeneous nature of coal and furnishes re-— 
liable determinations of the quantity of 


various constituents present. The impor-— 


tance of this information in studying hy- 


drogenation properties of coal is emphasized — 


by the fact that coal constituents react — 
differently and give varying yields when — 


4 


hydrogenated. It has been stated that the — 


extent to which the liquefaction yield from 
coal hydrogenation tests.can be correlated 
with and predicted from petrographic 
composition depends almost entirely on the 


be et me 


accuracy and completeness of the petro- ; 


graphic analysis. 


SUMMARY 


The experimental work that has been 
rather briefly discussed in this paper fur- 
nished proof for the standard method of 
using thin sections and microscope equipped 
with micrometer eyepiece to determine the 
petrographic components in a coal. 

The effect of progressive increase in mag- 
nification from low to high power in making 
microscopic measurements of opaque and 
translucent areas was tested by three op- 
erators using two microscopes of the same 
type but different makes, and it was found 
that reproducible results could be obtained 
by different operators, using microscopes of 
different make, within a magnification 
range of 40 to 712 power when opaque and 
translucent areas were distinct. 


Areal measurements of opaque areas 


represented in two micrographs of coal thin 
sections were made with a polar planimeter. 
The results of these measurements with a 
manually operated instrument agreed very 


closely with microscopic determinations of _ 
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the opaque attritus contained in the same 
areas of the thin sections photographed. 

A study was made of microscopic meas- 
urements of opaque attritus, fusain, and 
anthraxylon, using series of thin sections 
prepared from a large block and column 
sample of coal and completely and partly 
transecting each thin section. The data 
from this work were analyzed and led to 
the conclusion that, to make an accurate 
microscopic determination of coal compo- 
nents by transecting a thin section with 
eyepiece micrometer, it is not necessary to 
scan the section completely. If a single 
transect is considered as an increment 
sample, the number of transects or incre- 
ments spaced at equal intervals across the 
section need not exceed in number 20 pct 
of the possible number to reproduce the 
results of complete coverage. Also, in 
evaluating petrographic components in a 
large block or column sample, two spaced 
transects in each section of the ‘series give 
results that essentially duplicate complete 
coverage. The importance of experimental 
evidence in confirming the accuracy of the 
standardized procedure used of sampling 
two transects in each section when making 
a petrographic analysis of a column sample 
is emphasized in the great saving of time in 
accomplishing a piece of work requiring 
painstaking application. The time required 
to do an analysis by sampling two transects 
in each section is less than 5 pct of that 
necessary to cover completely every section 
in the series. 

It is realized that all problems peculiar to 
this method of coal petrography have not 
been completely solved. However, perhaps 
this work will instill confidence in the re- 
liability and usefulness of thin section 
analysis of coal and stimulate further criti- 
cal work in all phases of coal petrography. 
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DISCUSSION 


J. M. Scnorr*—Much uncertainty has 
existed in the minds of many coal petrographers 
and coal technologists, not only as to the 
accuracy and reproducibility of results ob- 
tained through the Thiessen method of analysis, 
which Messrs. Parks and O’Donnell have dis- 
cussed here, but also with regard to the actual 
procedure of making the determinations. Care- 
ful reading of the present paper is more reveal- 
ing as to the real procedure followed for the 
last 18 years at the Bureau of Mines laboratory 
than any other paper that has yet appeared. 
It is difficult to account for some of the earlier 
statements purporting to bear on critical pro- 
cedure, and it is perhaps pointless to do so. 
I personally believe misconception and in- 
accuracy in earlier reporting of procedural 
details was due, on the one hand, to an ill- 
conceived effort at over-simplification and 
popularization in what should have been purely 
technical reports and, on the other, to an 
over-awareness of theoretical implications, par 
ticularly botanical considerations, that are 
entirely subordinate to the actual procedures 
used in this quantitative system of analysis. 

The point to be emphasized is the great 
importance of the present paper by Parks and 
O’Donnell for anyone who is concerned with the 
Thiessen system of coal petrography. While 
probably no one would suggest that this method 
is applicable to all the various problems of 
petrographic coal analysis, it is with little ques- 
tion the best method yet devised for accurate 
comparison of column or block specimens. A 
critical treatment of the method is therefore | 


* Geologist, U.S. Geological Survey, Wash- 
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of great interest. The data presented in the 
paper have their most important bearing on 
the reproducibility and accuracy of analyses of 
individual coal thin sections. The further com- 
bination of the individual section analyses, 
through column or bed profile to represent the 
petrographic composition and lithologic com- 
bination of entities in complete beds of coal, 
still deserves further critical consideration. It is 
hoped the authors will present later this equally 
pertinent information about degree of accuracy 
obtained by various methods of combining thin 
section analyses for general column sampling 
and standards of accuracy requisite for the 
various problems, such as selective degradation 
and segregation of components, the reasons for 
differences in washability, and other coal 
beneficiation processes on which petrographic 
study throws particular light. 

Although the practices used by Parks and 
O’Donnell were reduced long since to standard 
procedure in the Bureau laboratory, much that 
is new appears here for the first time. A few 
items deserve special comment because of 
emphasis or minor difference of opinion. 

Table x is called ‘‘Type classification,” and 
in this table the critical thresholds of compo- 
nent concentration are presented, mostly for 
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nonbanded varieties of coal, and the guantita- 
tive threshold of 5 pct or less anthraxylon is, in 
my opinion, a practical, necessary, and appro- 
priate basis for this lithologic distinction. It 
has been in use in the Bureau of Mines Labora-_ 
tory for a long time but has not been publicized” 
except through personal communication. It can 
be regarded nevertheless as a long-tested basis’ 
of differentiation. 

T am less confident of the other qualifications - 
differentiating boghead and cannel. There are 
many cannels that have significant amounts of 
opaque attritus that, in part, fail to be included, 
if we assign a quantitative significance to the 
term “predominantly” (50 pct + ?). Likewise | 
a “predominant” concentration of “oil algae” — 
is a remarkably high requirement in the — 
differentiation of boghead coals. If this means — 
50 pct concentration, it is questionable whether i, 
boghead coals of this nature exist in America. — 
It also raises the objection that many of our 
nonbanded coals having oil algae as the domi-— 
nant waxy components still will not be classi- 
fiable according to these criteria, simply : 
because the algae compose less than 50 pct of 
the whole coal. ’ 

The whole subject of type classification of 
nonbanded coals and allied rocks is confused in 


the literature with free implication and expres- 
sion of conflicting opinion if one chooses to look 7 
for it. However, humic and opaque matter are © 
usually the dominating petrographic compo- 7 


the first time. Only five “types” are recog- 
nized. I believe the Thiessen method should be 
used for differentiation of more types than 
this—that a greater number of type varieties 


of coal exist that are significant and worthy of 
denomination. It should be mentioned, inci- 
dentally, that the so-called “subtype”? classifi- 
cation (an-at, at-an, and so on) that has been 
used by the Bureau but is not mentioned in 
this paper, is unsuitable for the purpose. The 
‘‘an-at”? subtypes were based on the same 
microscopic data as the ‘‘type”’ classification 
given here, but, instead of representing a more 
refined analysis of these data, simply involve 
its recombination on a more generalized and 
less significant basis. Probably the authors 
realize this now, and it was not as evident 
when the “an-at” subdivision was first pro- 
posed, but it should be mentioned since other- 
wise some confusion will remain on this account 
in the literature. 

Attention also is directed to the new quantita- 
tive definitions of cannel and boghead coal pro- 
posed here in Table 1. Both of these are 


nents, and the more volatile waxy constituents, 
which presumably influence the chemical prop- 
erties to a notable degree, are often present in 
much more subordinant concentrations than 
would be supposed without specific and quanti- 
tative petrographic determination. 

I believe these distinctions proposed by Parks 
and O’Donnell for boghead and cannel coal 
deserve reconsideration and, since the “pre- 
dominant” qualifications offered are essentially 
new with this publication, the objection about 
disturbing a stabilized usage is not truly 
applicable. 

It is hoped that publication of the micro- 
quantitative criteria for differentiation of bright 
coaJ, semisplint coal, and splint coal will clarify 
these matters of usage. It has not always been 
appreciated that “bright coal” was not differ- 
entiated on the basis of luster, according to 
these criteria most lignites will be classed as 
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“‘bright coal” although they have a very dull 
or earthy appearance. It will be appreciated 
also that the terms splint and semisplint coal, 
being established solely on the basis of opaque 
attritus concentration, have no essential con- 
nection with the terms clarain and durain 
sometimes applied with reference to mega- 
scopic appearance. Many coals regarded as 
durains will be classed as splint or semisplint 
if analyzed microscopically, but microscopic 
study is the only way of determining whether 
or not this is true. The term “‘splint’’ may be 
nonspecific as to petrologic composition for as 
much as 70 pct of the mass of the coal, but the 
chief advantage in using the term in this sense 
is that it directs attention to what is possibly 
the most important single item in petrographic 
evaluation of coking or hydrogenation char- 
acteristics. Usually the nongeneralized specific 
results regarding other microcomponents have 
been given for both the splinty and nonsplinty 
portions of coal beds analyzed by the Bureau 
of Mines, so that the somewhat nonspecific, yet 
precise, usage of the term has caused no mis- 
conception for detailed analyses. A serious 
misconception arises only if one assumes that 
splint, as defined in this sense, is the equivalent 
of durain, which is defined on quite another and 
less precise basis. 

A point that perhaps deserves comment but 
is omitted from this paper concerns the quanti- 
tative definition of anthraxylon. This com- 
ponent is identified at higher magnification, 
and so in general it may be the most accurately 
determined of any of the coal components. 
Parks and O’Donnell show that equally accu- 
rate results may be obtained for opaque 
attritus when special analytic attention is 
given, when the coal sections. are of high 
quality, and when extraneous mineral matter 
is not present so that confusion can result. 

According to standard practice of the Bureau 
of Mines laboratory, anthraxylon is not identi- 
fied in any particles or strands thinner than 
about 0.014 mm. This value, or subsize 
threshold, was chosen empirically because the 
subsquares of the Whipple disc, in combination 


- with the binocular microscope, and lenses, used 


at the Bureau of Mines for all these studies, 
was determined to be about 0.014 mm when 
calibrated in the standard fashion. No strands 
of anthraxylon have ever .been identified in 
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strands appearing thinner than the “height” 
of one of the Whipple disc subsquares 
(4% square) throughout the petrographic work 
at the Bureau, according to information given 
me by O’ Donnell while I was closely connected 
with this work during the war. The microscope 
used in these studies was always the same, and 
I feel, in view of the large amount of work 
performed with this equipment in which the 
0.014 mm boundary was a convenient one, that 
it, or some close approximation of it, should 
be regarded as part of the accepted definition 
for determining anthraxylon quantitatively. 
Only in this way can the distinction between 
anthraxylon and vitrain be brought out 
adequately. 

It was always supposed that the eyepiece 
magnification used for anthraxylon determi- 
nation was about roo diam. It now appears 
from Table 2 of Parks and O’Donnell’s paper 
that this was not exactly true and that, if it 
had been, the subsquare value should have 
been 0.022 mm instead of 0.014 mm. It is well 
known, of course, that manufacturers of optical 
equipment of this character prepare their lenses 
critically for their optical correction and defini- 
tion and that stated magnifications are only 
approximate, the visual enlargement being a 
quite incidental consideration if resolution is 
not impaired within the general magnification 
range required. 

It thus seems that Table 2 of Parks and 
O’Donnell’s paper should be taken as a general 
guide, only on the assumption that the stated 
magnifications of microscope lenses are accu- 
rately given. The subsize threshold value for 
anthraxylon determination probably has never 
been exactly at 100 X, however, and if a person 
is interested in duplicating analyses as they 
have been performed at the Bureau labora- 
tory, the humic or vitrinized strands thicker 
than 0.014 mm, regardless of actual magnifi- 
cation, should be regarded as anthraxylon. 
Similar but smaller particles were regarded by 
Thiessen as translucent humic or cell-wall 
degradation matter and, as such, are con- 
stituents of the translucent attritus—a com- 
ponent not directly estimated but determined 
by difference. 

The subsize threshold that has been used for 
determination of fusain petrographically is 
approximately as given for the 60 magnifi- 
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cation in Table 2—viz., 0.037 mm. All fusinized 

» material in smaller fragments has been assigned 
to opaque attritus according to usual pro- 
cedure, as vouched for by Mr. O’Donnell, the 
only person who has been associated con- 
tinuously and closely with these studies of 
quantitative coal petrography from their incep- 
tion in about 1930. 

In closing this commentary I think particular 
credit should be given to the authors for the 
presentation of the accuracy tests of analyses 
of coal thin sections. I believe no one who has 
long been associated with this work has ques- 
tioned its reliability as an accurate basis for 
comparison of coal. For that reason, perhaps, 
there has not been as much of an incentive to 
establish the limits of accuracy with statistical 
definiteness as would have been the case if 
consistency in the method had been less 
obvious. However, this confidence may not 
always have been shared by those who could 
only read about the method since details were 
not provided that would permit its exact and 
independent duplication. Possibly largely for 
this reason the method has remained sub- 
stantially endemic to the Bureau of Mines 
Laboratory at Pittsburgh, and the only other 
place I know of where similar quantitative 
results are being obtained is at the Geological 
Survey of the Union of South Africa, where 
the ‘‘know-how” was conveyed by personal 
instruction. The present paper should do much 
to dispel doubts about its validity and accuracy 
when appropriately used under favorable 
conditions. 

I am convinced the method deserves far 
wider attention than it has heretofore received 
and that Parks and O’Donnell have done much 
to widen its circle of usefulness by the presenta- 
tion of this paper. 


B. C. Parks and H. J. O’ Donne tt (authors’ 
reply)—The authors express sincerest thanks 
to Dr. Schopf for careful reading of the paper 
and furnishing the pertinent comments in the 
foregoing discussion. 

In regard to boghead and cannel coals, the 
critical amounts of components delimiting 
these types as given in Table x should probably 
be considered tentative. Bearing in mind the 
heterogeneous and variable nature of coal, 
arbitrary grouping into types of the most 
practical application and value can be made 
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only after a complete survey of all natural 
occurrences or at least thorough sampling. 
Experience with boghead and cannel coals has 


been limited at the Bureau of Mines laboratory 


Sahay — tab 


because of the insignificant importance in the 


United States of these coals compared with the © 
common banded types. Petrographic analyses — 
that have been made in our laboratory of 

American cannel coals 
attritus content in excess of 50 pct of all coal 
material. Likewise thin sections of American 
boghead coals show the predominant ingredient. 


show translucent — 


composing the translucent attritus to be oil — 


algae remains. Whether or not boghead and 


cannel coals exist in the United States or 


foreign countries with petrographic composi- 


tions not strictly compatible with the table ; 


given, we are unable to say at the present time. 

As Dr. Schopf states, anthraxylon in thin 
sections has been arbitrarily defined to exceed 
0.014 mm in width. This value was accepted as 
a convenient unit of measurement for sepa- 
rating banded anthraxylon from attrital 
translucent humic matter. The unit of measure- 
ment was originally obtained by calibrating a 
Whipple eyepiece micrometer with a stage 
micrometer using a well known foreign make 
microscope. The smallest horizontal division of 
the eyepiece micrometer was found to be 
approximately o.o14 mm wide. With the 
combination of lenses used, the resulting magni- 
fication was assumed to be 100 diam. With the 
combination of lenses assumed to give magni- 
fication of 40 diam, the same division of the 
eyepiece micrometer had a value of about 
0.0375 mm. However, with the particular 
microscope in question, the rated magnification 
of the lenses is valid only when used with a 
monocular tube and with a tube length of 170 
mm. The fact was inadvertently overlooked 
that using the binocular accessory supplied for 
this microscope increased the magnification 
power of the lens combination used approxi- 
mately 50 pet. , 

We have gone rather thoroughly into the 
matter of calibrating eyepiece micrometers 
with both the monocular and binocular acces- 
sories using two modern American biological 
microscopes. A wide range of magnification was — 
tested using various combinations of oculars 
and objectives. We are now prepared to say 
that using either of the two American micro- 
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scopes with binocular accessory the value of the 
‘smallest division on the Whipple eyepiece disc 


used for the lower limit measurement of 
anthraxylon varies from o.o14 to 0.015 mm 
when 15> compensating eyepieces are used in 
combination with a 10X apochromatic objec- 
tive lens. The magnification is very close to 
150 diam with either monocular or binocular 
accessory. The variation from 0.014 to 0.015 
mm and close approximation only to 150 
magnification is due to lateral adjustment of 
the eyepieces on the binocular accessory made 
necessary with different operators unless inter- 
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pupillary distances happen to coincide. The 
calibrated value of the same division of the 
Whipple disc when a combination of 15 X com- 
pensating oculars and 4X objective is used with 
the American microscopes varies from 0.036 to 
0.038 mm. The magnification is approximately 
60 diam. The value 0.037 mm +0.001 mm is 
probably the most convenient for the lower 
limit of measuring fusain. Particles of fusinite 
smaller than 0.037 mm can rarely be distin- 


~ guished from opaque attritus and for practical 


purposes can be classed thusly. 


Stability of the Atmosphere and Its Influence on Air Pollution* 


By Henry F. Hesrey,t MemBper AIME 
(Cincinnati Meeting, October 1947) 


INTRODUCTION 


How often has the thoughtful observer 
pondered the apparent contradictions ex- 
perienced in the weather? 

One can take records of two days, one in 
the winter and one in the summer. The “‘de- 
gree days” indicate that space heating and 
domestic load were present in one case and 
not in the other. The Business Index may 
be about the same, indicating that the 
industrial activity of the area and its con- 
comitant use of fuel were about the same. 
Thus the volume of the products of com- 
bustion released to the atmosphere varied 
only as related to the space heating 
demand. 

Yet on one day in winter the atmosphere 
may be clear and bracing, while on a sum- 
mer’s day the air is thick and murky and 
the visibility sharply reduced. The situation 
may be reversed. What are some of the 
factors that contribute to the creation of 
these conditions? 

These few notes have been prepared to 
indicate some of the influences that are 
exerted on the problem. 


Tue Sources OF ATMOSPHERIC POLLUTION 


The industrial area of Pittsburgh, Pa., 
has been a dominant center for the produc- 
tion of iron and steel for over one hundred 
years. In fact, with the growth of the 
numerous auxiliary processes Allegheny 
County which contains Pittsburgh is prob- 

* Paper presented at Joint Fuels Conference 
of Coal Division AIME and Fuels Division 
ASME. Manuscript received at the office of 
the Institute February 24, 1948. Issued as 
TP 2395 in CoA, TECHNOLOGY, May 1948. 


+ Director of Research, Pittsburgh Coal 
Company, Pittsburgh, Pa. 


ably the most industrialized county in the 


_world. 


In addition, the type of manufacture 
carried out in this area is predominantly 
dependent on thermal energy (heat). That 
energy is supplied from coke and coal 
produced in the vicinity of Pittsburgh 


Indicative of the stupendous quantities 


of fuel that are employed in this industrial 
area’s economy, the following (Table 1) 
taken from the U. S. Census (i940) may be 
of interest. 


TABLE 1'—Comparison of Industrial Centers 


Based on U. S. Census of Manufactures 


(1939) 

Tons of 

Coal Con- 

Cit Cost of | Purchased | sumed per 

y uel Power an Em- 

ployed in 

ustry 
St. Louis....... $10,726,820|$ 6,702,551 Teas 
Pittsburgh. .... 60,934,813] 14,682,878 86.5 

Youngstown....} 32,413,140] 5,724,874 

Philadelphia....} 32,285,780] 15,391,466 13.2 


In tonnage consumed in the area, the 
figures are equally impressive: 


ANNUAL 
Tons oF COAL 


Metallurgical Industries.... 35,000,000 to 40,000,000 


Commercial Installations 
LS 0) ne ae Ai ne ie 1,500,000 

Dommeatic hand-fired) 
(PEh Jinines ce pokes 750,000 


An influence that has never been fully 
appreciated by many individuals is the 
fact that no matter what adventures the 
gases of combustion experience as they 
pass through the various processes, ulti- 
mately the spent gases are discharged 
through chimneys to the atmosphere. 
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Forming a portion of those gases of 


combustion are quantities of the oxides of 


sulphur and nitrogen, both of which inci- 
dentally are colorless gases. 


Tue TOPOGRAPHY OF PITTSBURGH AND 
ENVIRONS 


The development of the Pittsburgh area 
as a center of heavy industry rests on a 
number of favorable circumstances: 

1. Good coking coal, yielding a strong 
metallurgical coke low in sulphur content, 
2. Adequate supplies of limestone for flux- 
ing. 3. Economic water transportation 
arrangements exchanging ore from the iron 
ore fields and solid fuel from the coal fields. 
4. Ample rail transportation for finished 
products to the centers of consumption. 
5. Excellent water transportation for coal 
from the mines to the coke ovens. 6. Con- 
venient sources of refractories for use in the 
furnaces employed by heavy industry. 

These very advantages, however, are 
accompanied by difficulties of topography 
associated with the steep valleys of the 
Allegheny, the Youghiogheny, the Monon- 
gahela and the Ohio Rivers. These are 
natural conditions and create local climatic 
situations affecting air pollution which bear 
earnest consideration. 

Such conditions have been augmented by 
human activities through the location of 
rail and river transportation practically at 
the river level, together with the concen- 
tration of industry within the confines of 
the narrow steep valleys. 

It may be of interest to observe that 


- many of the centers of heavy industry are 


similarly situated: 


Youngstown, O.,in the Mahoning Valley. 

Johnstown, Pa., in the Stony Creek 
Valley. 

Wheeling, W. Va., in the Ohio Valley. 

Sheffield, Yorkshire, Eng., in the Don and 
Sheaf Valleys. 

Liege, Belgium, in the Meuse Valley. 

Incidentally, all of these cities have at- 
mospheric pollution problems very similar 
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to those associated with Pittsburgh, 
although Sheffield and Liege, because of 
their proximity to the ocean, experience a 
maritime climate compared to the conti- 
nental type prevailing in the American 
cities, excepting those west of the Rockies. 

A study of the contour map of the Pitts- 
burgh industrial area under consideration 
will indicate that the Monongahela and its 
tributary the Youghiogheny flow in a more 
or less northerly direction until they 
reach the town of Duquesne when the 
course changes to roughly a northwesterly 
direction. 

The Allegheny maintains roughly a 
southwesterly direction within the area. 
The Ohio, formed at the confluence of these 
two rivers, continues in a northwesterly 
direction until it passes out of the district. 

It will be noted that the steep valleys 
form convenient conduits through which 
the atmospheric pollution may flow by air 
drainage from the numerous industrial 
centers situated in this Ohio River drainage 
area. 


Winp AND AIR Morion 


In such broken terrain with steep hills 
and valleys running in many directions the 
local air movements in the lower layers are 
extremely complex. At the higher levels 
there are for the most part wind movements 
with a westerly component. These great 
westerly air movements are very steady. 
However, under such local interference of 
terrain, the disturbing influences are very 
great when compared to those encountered 
in the cities of the plains. 

The air drainage system that is present 
in the Pittsburgh area is quite apparent to 
those who have taken pains to study the 
local air flows of the lower atmospheric 
layers as they are encountered in the 
Monongahela, Allegheny and East Ohio 
drainage area. No description of the deeply 
complicated air movements in such local 
terrain can excel that given by Mr. T. 
Morris Longstreth in his book “Knowing 
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the Weather.”! He states: ‘‘Below an alti- 
tude of 600 ft the wind proceeds in an 
unpictural turmoil. Friction with field and 
wood and hill forms an irregular drag upon 
its undermost layer. The overlayers stub 
their toes, stumble forward, fall down, turn 
somersaults, make mill-wheels, make spin- 
ners, fluctuate in velocity, rush and crowd 
and pick themselves up and go on. The 
vertical convulsions of wind are less rapid 
but just as intricate.” 

Superimposed on these local fluctuations 
are the steady air flows down the tributary 
valleys into the main valleys of the 
Monongahela, Allegheny and Ohio Rivers. 
This condition is known as the air drainage 
system previously mentioned and _ pro- 
vided weather conditions are conducive, 
cooled air will flow into the system from as 
far afield as Morgantown, W. Va., on the 
Monongahela, New Kensington on the 
Allegheny or New Castle on the Beaver 
River. 

When the sloping surfaces of the sides of 
valleys radiate their warmth to the universe 
on clear nights, the ground drops in tem- 
perature and the layers of air touching the 
ground are in turn cooled and begin to slip 
down into the valley and drain into the 
valley system. 

Such air drainage movements manifest 
themselves as cool breezes issuing from the 
mouths of valleys where they join the 
course of the main rivers. In the area under 
consideration, even though fog and mist 
have accumulated in the main river valley 
reducing the visibility to zero, the captains 
navigating the river craft are well aware 
when they are abreast of the valley of a 
tributary because of the cool drafts. 

Such winds are known as ‘‘katabatic” or 
downhill winds, and although they are 
comparatively faint and gentle in this area 
they have been known to reach a velocity 
of 200 miles per hr as they sweep down the 
snow covered slopes of the plateau of 
Greenland toward the sea. 


1 References are at the end of the paper. 


Air movements of this nature which are 
quite pronounced pour out of the canyons 
of the Wasatch Mountains that surround 
the valley of the Great Salt Lake in which 
Salt Lake City is situated. 

In passing, it should be recalled that 


>> 


Salt Lake City experiences rather heavy ~ 
atmospheric pollution during anticyclonic — 
conditions. Also the Salt Lake City indus- — 
trial area, embracing the town of Murray, ~ 


contains considerable heavy industry. It is, 


however, desirable to give closer considera- — 


tion to the vertical air movements previ- 


ously mentioned. 

These vertical convulsions of air creating 
great upward columns of rising air must 
be felt during a flight in an airplane to be 
appreciated. In contrast, the sudden 
emergence during flight from the rising 
current into quieter air and the ensuing 
sudden drop are equally convincing to the 
passenger of the powerful vertical move- 
ments of the atmosphere. 


Puysics oF Arr MovEMENTS 


In any study of the problem of atmos- 
pheric pollution the influences of the 
turbulence and stability of the air are of 
paramount importance. These conditions 


are related to the general air drainage — 


movement previously mentioned; but some 
of the local factors and terrain exert 
effects that greatly modify the final results. 

In a fundamental study of air movements 
it must be borne in mind that gases are far 
more free to move than liquids. In addition, 
gas when heated expands and thus its 
density is decreased. 

Many examples of this fact may be re- 
called but possibly the draft of the common 
chimney is the most apt illustration. In 
this device the air for combustion is 
warmed, experiences a reduction in density 
and is pushed upward by more dense 
(heavier) air entering at the lowest place— 
generally under the grate of the furnace. 
Another homely example that depends on 


oe ed 


eee) 


- 


wa Nt hh wenn Fn 


ee HENRY F. 


the same principle is the gravity warm air 
furnace used in the space heating of homes. 
Considering now the solar heating of the 
-  earth’s surface as it is affected by absorp- 
~ tion of heat or insolation, that surface, 
' because of numerous influences, is very 
unequally heated. As a result, the layers of 
_ air adjacent to the earth’s surface, which 
~ are heated by conduction from that surface, 
receive a very unequal amount of heat. 
Such unequal heating of the atmosphere 
touching the ground results in upward 
and downward convection currents of 
air between ground areas of different 
temperatures. 

At this point it may not be amiss to 
introduce the conception of ‘“‘adiabatic” 
changes in temperature. Turning once 
again to Longstreth and his book “ Know- 
ing the Weather” there will be found the 
following simple definition: 

* “The word ‘‘ADIABATIC” is applied 
in the science of Thermodynamics to a 
process during which no heat is communi- 
cated to or withdrawn from the body or 
system concerned. Adiabatic changes in 
temperature are those that occur only in 
consequence of compression or expansion 
- accompanying an increase or a decrease of 

atmospheric pressure. Such changes are also 
described as dynamic heating and cooling.” 
‘ The atmosphere, because it is a gas, is 
able to be compressed or expanded and the 
layers of air close to the earth’s surface are 
compressed by the weight of the atmos- 
; phere above them. ‘ 

‘Tn accordance with Boyle’s law, any 
parcel of ascending air reaches a higher 
elevation and lower pressure and will 
expand. Such expansion is work done and 
the energy required to perform that work is 

- derived from the heat contained in the air. 
This action results in the cooling of the 
parcel of air. 
= If, however, the air sinks to a lower ele- 
- yation, it is compressed and is ‘thereby 
warmed. These temperature changes, it 
should be noted, are accomplished with no 
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addition or subtraction of heat from the 
parcel of air under consideration. They are 
adiabatic changes, Fig 1 is suggestive of the 
action. 

In a dry atmosphere when a parcel of air 
ascends, the dynamic cooling caused by its 
expansion is practically uniform and falls 
at the rate of 1°C per 100 m of elevation 
(5.5°F per tooo ft). This relationship is 
known as the dry adiabatic lapse rate. 

It is well known, however, that the 
atmosphere has associated with it varying 
degrees of water vapor. If there is a goodly 
percentage of it present in the ascending air, 
the cooling that it experiences due to ex- 
pansion may bring that air to 100 pet rela- 
tive humidity or saturation. At that point 
some of the water vapor will condense and 
form liquid droplets. In so doing, the latent 
heat is released to the air thus retarding the 
rate of cooling. 

If the parcel of air continues to rise, 
additional water vapor will condense, -re- 
leasing further heat, and the air will be 
cooled at a “saturated adiabatic rate,” 
also known as the retarded, wet or moist 
adiabatic rate. 

This rate of cooling is far more compli- 
cated for a number of influencing factors, 
such as the pressure and temperature and 
whether the liquid accompanies the parcel 
of air on its journey or is left behind. 

Under different conditions the moist 
adiabatic rate varies from approximately 
0.4°C to nearly 1.0°C per roo m, or 2.2°F 
per 1ooo ft to nearly 5.5°F per 1000 ft. 

If actual data are not available, it may 
be convenient to assume a moist adiabatic 
rate of 0.6°C per 100 m (3.2°F per tooo ft). 

The ability of the atmosphere to carry 
water vapor increases with a rise in tem- 
perature. Therefore, air, if it is descending, 
is enabled to carry more moisture as it is 
compressed. As a result, there will be no 
condensation. If there is liquid in the parcel 
of air some or all of it will be evaporated 
into water vapor; but in so doing, latent 
heat will be drawn from the air and the 
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warming effect due to compression will be 
retarded by the latent heat requirements. 

If all the water vapor contained in the 
ascending parcel of air continued to be 
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associated with it and then descended 
again, the retardation of the rate of cooling 
would be the same as the retardation of the 
rate of warming during descent. However, 
if the moisture has been precipitated the 
parcel of air on its descent will increase in 
temperature at the ‘‘dry adiabatic rate.” 

Even though condensation has taken 
place, there may be some liquid present 
when the air begins to descend; but this 
changes to water vapor as the temperature 
rises and after that condition has been 
reached a continued descent of the air is on 
the dry adiabatic basis. 
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The discussion so far has dealt only witht 
the changing temperatures of a parcel of 
air due to the varying pressures caused by 
altitude. However, many influences act 
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proqannils to cause the air to depart 
radically from*the foregoing rule. Strong 
movements of horizontal air currents in © 
the Pittsburgh area frequently sweep in — 
from the Northwest or Southwest bringing 
cold or warm masses of air. In addition, air 
may not be ascending or falling. Conse- 
quently it will not be changing in accord- 
ance with the adiabatic rate. Also the 
atmosphere is continually gaining or losing - 
thermal energy by conduction, absorption 
and ‘radiation. Therefore, the various tem- 
peratures encountered at different eleva- 


tions often show a marked deviation from 
the adiabatic rate. 

In studying the change of temperature 
with height, it is referred to as the “lapse 
rate.” It refers to the passing from a higher 
to a lower temperature. Where a stratum of 
warmer air is encountered and the tempera- 
ture rises, the lapse rate is considered 
negative. 

In actual experience, the atmosphere 
over a local area may have lapse rates 
which vary greatly between consecutive 
days. Also, there are variations in the 
lapse rates at different levels of the atmos- 
phere during 24 hr. This condition is 
~ especially true for the first 11,000 ft from 
the surface of the ground. Above this 
elevation the lapse rates are likely to be 
more uniform. 

It is in this 11,000 ft band of atmosphere 
that the temperature changes are very 
irregular and are modified by variable 
wind movements, gusts, eddies, and the 
like, caused by valleys, hills, bodies of 
water, and other topographical conditions. 
At times these local effects create a tem- 
porary lapse rate that is in excess of the 
dry adiabatic rate. Conversely, the lapse 
rate is frequently less than the moist 
adiabatic rate. 

An actual increase in air temperature 
with increase in altitude is known as an 
_ Inversion of the Temperature Gradient, or 
simply an Inversion. 

When such an inversion condition exists, 
the inability of the lower layers of the 
atmosphere to rise keeps them in a stable 
condition. After sunset on clear starlit 
nights with very gentle wind movement the 
~ surface of the ground cools rapidly by 
radiating its heat energy out to the 
universe. 
< The lowered ground temperature influ- 
ences the adjacent 10 to 20 ft of air causing 
e3 it to fall below the temperature of the 

higher air strata. Fogs known as radiation 
or ground fogs are frequently caused by 
this inversion condition provided other 
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atmospheric factors are favorable to them. 
On the other hand, at the higher levels 
wind movements from different directions 
and having different temperatures may 
create an inversion. 

As previously mentioned, a convenient 
assumption for the moist adiabatic lapse 
rate is 0.6°C per 100 m (3.2°F per 1000 ft). 
This rate is also close to the average exist- 
ing lapse rate as determined by many ob- 
servations in different countries. 


Tue STABILITY OF THE ATMOSPHERE 


From what has been stated, it will be 
realized that air movements are influenced 
by many factors which act in an extremely 
complicated manner. These air movements 
can be studied through the relationship of 
the lapse rates to the tendency of the 
atmosphere to descend, ascend or stay in 
its position. 

It may be profitable to consider these 
three cases in greater detail: 

rt. Ifa layer of air, say 1500 ft thick, rests 
on the ground and has practically the same 
temperature throughout that height, the 
air against the ground will be the most 
dense (heaviest in weight per cubic foot) 
because of the weight of the air column 
resting upon it. With no external influence 
this air will continue in the lower layers. 

Now assume that some of this air is 
forced to ascend (possibly as chimney 
gases) through the surrounding air. It will 
begin to expand because of decreased pres- 
sure and, provided it does not reach the 
saturation point (RH roo pct) it will cool at 
the adiabatic rate. 

Thus, if it is still in the atmosphere of 
constant temperature, the parcel of air 
forced upward will be cooler and more dense 
than the air surrounding it. As a conse- 
quence, it will subside to its position at the 
surface. Such a condition may be suitably 
illustrated by atmospheric conditions that 
prevailed in Pittsburgh at 11:00 A.M., 
March 31, 1947 (Fig 2). In the analysis 
of the particular day under study, some 
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attention should be given to conditions 
close to the ground. These are presented 
graphically in Fig 3. The air layer close to 
the ground surface, that is 100 m up, on 
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that day had considerable turbulence. The 
panel of air (c) at 5°C if given an initial 
push, possibly from some increase in tem- 
perature, will start on its way upward 
cooling at the dry adiabatic lapse, rate as it 
travels. After rising some too m the tem- 
perature of the parcel of air (C2) will have 
receded to 4°C. However, the surrounding 
atmosphere has a temperature of +2°C. 
Thus the air will continue to rise and 
“punch” into the layer of stable air resting 
above the turbulent layer. 

A portion of the lapse rate for the next 
layers of the atmosphere is shown by Fig 4. 
The line 1-2-3-4 is the actual plot of the air 
temperature at different altitudes. 
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It is of interest to ascertain the stability 
of the air. 

The parcel of air (A) is moved up in 
elevation by one of a number of causes, say 
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turbulence, and reaches the elevation (A2). 
Because of expansion due to decreased 
pressure, the parcel of air with a relative — 
humidity of 46 pct has cooled at the dry 
adiabatic lapse rate and has been reduced 
in temperature to —o0.6°C.- The actual 
temperature of the atmosphere surrounding 
the parcel A2 is 0.0°C. 

Thus the air parcel is cooler and there- — 
fore more dense and heavier than the 
surrounding air and if it experiences no 
further interference will sink back to its 
original position. (An atmospheric condi- 
tion that creates this state is stable air.) 
In passing it should be noted that the air 
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with a relative humidity of 46 pct was in 
the unsaturated condition. 

Had the parcel of air been in a saturated 
condition, its action may have been modi- 
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conditions has not been fully realized. It 
needs greater consideration. 

In this case the prevailing conditions are 
of such marked stability that even if the 
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fied. If the slope of the 2-3 portion of the 
lapse rate line 1-2-3-4 had been parallel to 
the moist adiabatic lapse rate (0.6°C per 
100 m) then the parcel of air would have 
dropped in temperature at the moist lapse 
rate and the air would stay where it came to 
rest. In other words it would be neutral, as 
its changes would coincide with those of 
the moist lapse rate. 

It so happens that in the higher layers a 
condition of marked stability known as an 
inversion of the normal lapse rate was 
encountered. (Fig 2, points 4-5-6-7). Here 
the air actually became warmer than the 
layers below. 

The extremely powerful ability to im- 
prison impurities associated with the 
products of combustion as they are dis- 


charged into an atmosphere of such stable 


relative humidity were such that condensa- 
tion took place, the temperature difference 
would still be sufficient to hold the atmos- 
pheric pollution within bounds. 


CONDITIONAL INSTABILITY 


So far in this discussion, the conditions of 
the atmosphere were such that the influ- 
ence of the “dew point” has not been a fac- 
tor in the cases of stable and unstable air. 
All that has been shown is the tendency of 
the air to return to its original state and 
position thus gathering the impurities 
created both by nature and man and hold- 
ing them until atmospheric conditions dis- 
pel them. 

On numerous occasions however the 
amount of water vapor associated with the 
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air is a great deal more than the quantity 
encountered on March 31, 1947. 

The lapse rate will follow the dry adia- 
batic line until the dew point is reached. 


that is inherent during unstable air 
conditions. 

In addition to this movement of con- 
vection there is the vertical component of 
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After this, the lapse rate will follow the 
moist adiabatic rate which is retarded 
compared to the dry adiabatic because of 
the continual release of latent heat as the 
water vapor condenses into drops of liquid. 

The foregoing discussion pertaining to 
the influence of lapse rates on the various 
layers of air has taken little account of 
convection and turbulence. On warm 
sunny days when the surface of the ground 
rapidly becomes heated, the adjacent 
layers of air increase in temperature and 
begin to rise causing convection currents, 
thus aiding in local vertical air circulation 


air velocity brought about by wind or air in — 


motion. Such currents of air do not. require 


that the atmosphere be unstable in char-- 


acter. As described in the previous quota- 
tion from Longstreth, the air layers ad- 
jacent to the ground, the hills, valleys, 


and obstacles such as buildings, trees, and © 


so forth, cause local irregularities in the air 
movements. This results in an uneven 


reduction of the velocity of the ground — 
layers and a downward sweep of the upper — 
layers that are moving at a higher velocity. | 


Such surges thrust the ground layers up- 


ward in an irregular fashion giving rise to 
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gusts of wind both laterally and vertically 
and a combination of these movements in 
an indescribably complex manner. 

-Such turbulence will carry the surface air 
layers to higher strata causing appreciable 
mixing of the atmospheric impurities 
through a rather deep layer of the atmos- 
phere and thus diluting the pollution by 
distributing it through a vastly greater 
volume, Turbulence drops rapidly as the 
stability of the atmosphere becomes more 
marked, and where low inversion conditions 
prevail it is practically nonexistent, espe- 
cially at the ground level where friction 
exerts its influence. 

The effectiveness of turbulence on the 
scavenging of the impurities from urban 
and industrial atmospheres must not be 
underestimated. 

Civilization has, up to the present, de- 
pended on turbulence, convection currents, 
and air movement to cleanse the urban 
atmospheres of industrial cities. Most of the 
time atmospheric conditions perform that 
function rather successfully; but when the 
air movements fail, then the pollutants 
become concentrated with their disagree- 
able attributes. 

The unprecedented growth of the world’s 
industrial activities have aggravated the 
conditions, especially in cities whose growth 
has taken place through many decades 
with little or no city planning and with 
buildings concentrated in narrow streets 
interfering greatly with effective ventila- 
tion of the area. Thus the atmospheres of 
urban centers offer potential ‘encourage- 
ment for foggy and smoggy conditions 
provided other atmospheric factors favor 


the fog formation. 


Dobson? has brought attention to the 
subject when he pointed out that although 


~ boisterous winds of high velocity will sweep 


out atmospheric pollution, the factor of 
turbulence is a powerful one in dissipating 


the pollutants. It is possible to have fairly 
rapidly moving winds with but slight 
turbulence. Such air motions may not be 


HEBLEY 56 5 
as efficacious as gentler winds which are 
associated with strong upward and down- 
ward air movements. 

Dobson? further indicated that often the 
atmosphere at rooo ft is moving at a far 
greater velocity than near the ground level 
and is relatively free of pollution. If 
turbulence is present there is a ready mix- 
ing and dilution of the air impurities with 
this clean air layer that is just a few hun- 
dred feet above, rather than being swept 
through the city area from windward to 
leeward, a distance in many cases of over 
30,000 ft. 

This condition has been mentioned by 
Meetham? who points out that the concen- 
tration of impurities in the central area of 
an industrial city is more or less constant 
no matter how the wind changes in its 
direction. Fig 5 has been postulated for the 
Pittsburgh area based on Dr. Meetham’s* 
analysis to indicate a possible distribution 
of atmospheric pollution when wind in its 
motions of translation moves the atmos- 
pheric pollution down wind. Naturally each 
industrial center is a problem unto itself 
and should be analyzed as such; and this 
diagram has been presented only to pro- 
voke thought on the problem. 

Assuming the maximum concentration of 
impurity in the center of the city as repre- 
sented by 100 arbitrary units of air pollu- 
tion, it will be noted that it trails down 
wind in decreasing intensities, but is still 
carrying 25 units 4 miles from the center of 
the city. 

To the windward, appreciable concen- 
trations are encountered one mile from the 
too unit concentration. If concentrations of 
over 70 arbitrary units are considered as 
heavy, it will be noted that in the hypo- 
thetical case assumed there is an area in the 
center of this city bounded by a circle of 
one mile radius that will experience atmos- 
pheric pollution when the wind is blowing 
from any quarter. Such a postulate may be 
studied for the conditions of any industrial 
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center as well as the proximity of other 
neighboring communities of industry. 

In the case of Pittsburgh, the city is 
surrounded by industrial centers of 25,000 
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graciously permitted the use of the salient — 


points of his analysis in this text: “It is 
convenient to begin by imagining a row of 
cubical cells, in one of which there are 64 
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population or more. Fig 6 indicates the 
problem of transported air pollution de- 
rived from exterior sources. 

In order to convey some idea of the 
relative effect of wind velocity and atmos- 
pheric turbulence, Dr. Meetham has 
offered a numerical demonstration and has. 


units of smoke. Diffusion due to turbulence 
may be represented by supposing that in 
one second’s time the smoke is divided 
equally vertically between two adjoining 
cells.” 

Fig 7 shows the position of the smoke at 
successive time intervals of one second, 
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due to turbulence alone. To take wind into 
account, suppose that a chimney emits 64 
units of smoke each second into the cell 
(ro ft cube) immediately above it and that 
the wind velocity is 10 fps. 

By an extension of Fig 7 it can be seen 
that the amount of smoke in different 
positions down wind from the chimney top 
is given by Fig 8. 

It should be noted that no allowance has 
been made for horizontal diffusion and the 
figure best represents the effect of a row of 
chimneys placed across wind at right 
angles to the plane of the paper. A heavy 
line has been drawn enclosing all numbers 
greater than 15, which was selected arbi- 


a trarily. It represents the apparent outline 


of the smoke trail from a single chimney 


when it is viewed from one side by an - 


observer who can detect 16 or more units 
of smoke in any line of sight. 

In practice, smoke trails are never as 
steady as this because they develop waves 
due to large scale turbulence. Another 
effect of large scale turbulence is to cause a 
progressive increase in the rate of diffusion. 
Therefore Fig 8 must be regarded only as a 
simplified abstraction. 
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again the visible outline is much reduced 
in area. The results as presented in Fig 7 to 
9 inclusive were based on the actual studies 
made at Liecester, England. 
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There is an interesting result if the con- 
centrations of smoke along the axis of the 
trail in Fig 7 to 9 inclusive are presented as 
in Table 2. 

The figures shown in parenthesis were 
obtained by dividing the top row of num- 
bers by the square root of 2. 


TABLE 2 


| Wind 


Distance in Feet from Chimney Top 


Fig | Speed 
Fps 


Fig 9 shows the effect of doubling the 
wind speed. Every 64 units of smoke at the 


chimney top now has to fill two cells and 
the smoke moves along at twice the speed. 


The visible outline of the smoke is much 
reduced in area. 

Fig 10 shows the effect, with the original 
wind speed, of doubling the rate of diffu- 
sion due to turbulence. The width of the 
smoke trail increases rapidly at first and 


Their agreement apart from the irregu- 
larities at the chimney top with Fig 9 and 
ro suggests that doubling the wind speed, or 
doubling the rate of diffusion due to turbu- 
lence, reduces the concentration of smoke 
in line down wind by a factor square root of 
2 where the source of pollution is a row of 
chimneys in a line set across wind. If allow- 
ance is made for lateral diffusion across 
wind the result which is applicable to a 
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single chimney is rather simpler—doubling It is also necessary to consider whether 
the wind speed, or doubling the rate of | smoke is removed from surface air, either 
diffusion, halves the axial concentration of _ to the ground or toa region in the upper air 


smoke downwind from a single chimney. from which it has a very much reduced _ \ 
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Fic 7—DIFFUSION OF SMOKE ALONG A VERTICAL LINE WITH NO WIND VELOCITY IN EFFECT. 
Fic 8—DirrusION OF SMOKE ALONG A VERTICAL LINE WHEN INFLUENCED BY A WIND VELOCITY 
OF I0 FPS. _ 
Fic 9—DIrrusIoN OF SMOKE ALONG A VERTICAL LINE WHEN INFLUENCED BY A WIND VELOCITY 
OF 20 FPS. 
Fic 10—DIFFUSION OF SMOKE ALONG A VERTICAL LINE WHEN INFLUENCED BY A WIND VELOCITY 
OF 10 FPS WITH DOUBLE THE TURBULENCE. 


There is inadequate experimental knowl- chance of diffusing back to the surface. If 
edge regarding the pollution from a con- the rate of removal up or down is large 
tinuous source of smoke covering a large enough to be a controlling factor in de- 
area such as a town. It is important toknow termining the concentration of smoke in the 
first of all the concentration of smoke due to — surface air, one of two things may be ex- 
chimneys several miles away even as much _ pected to happen: 
as an hour after the smoke has been 
emitted. 


1. If removal up or down is a function 
of the distance travelled by smoke, then it 
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should be expected that wind speed is im- 
portant in determining the concentration 
of smoke in cities. 

2. If removal up or down is a function of 
time only, then in a sufficiently large city 
wind speed will be unimportant and turbu- 


lence will be the dominating factor. 


Both wind velocity and turbulence are 
extremely difficult to measure and little 
investigation has been carried out. How- 
ever, based on the little knowledge that was 
gained during the Leicester, England, 
survey regarding the effect of turbulence 
gauged by the lapse rate, the measurements 
of daily average concentration of smoke 
were found to be consistent with following 
conclusions: 

1. In any given wind speed, the concen- 
tration of smoke in central Leicester de- 
creased linearly with the lapse rate. 

2. In any given lapse rate the concen- 
tration of smoke in central Leicester varied 
at a rate proportional to the inverse square 
root of the wind speed. 

In regard to the second conclusion, in 
any given lapse rate the turbulence in- 
creases with increasing wind speed, par- 
ticularly in cities when the obstruction of 
the wind by high buildings produces large 
eddies. 

This conclusion tends to indicate that in 


_ given degree of turbulence, the concentra- 
- tion of smoke may be almost independent 


of wind speed. 

This condition in turn suggests that the 
rate of upward and downward removal of 
smoke from the surface air is important in a 
city. In addition, the rate of removal up or 
down depends on time rather than the dis- 


tance travelled by the air. There is urgent 


need for more experimental work to be 


4 carried out on this phase of the problem; 


“but based on the rather meager evidence 


that is available, the concentration of 
smoke in a city is much more strongly 
affected by turbulence than by wind speed. 

The importance of the influence of turbu- 


a lence on atmospheric pollution was fully 
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realized by Dr. E. W. Hewson‘ and his 
associates during their study as an Inter- 
national Commission of the causes and 
remedy of the destructive effects of the 
flue gases discharged from the chimney 
of the smelter at Trail, B.C., Canada. This 
plant is situated in the deep valley of the 
Columbia River about 7 miles from the 
boundary between U.S.A. and Canada. 

At times, under certain weather condi- 
tions, the destructive fumes of sulphur 
dioxide sweep down the valley to destroy 
crops and vegetation. 

When inversions or isothermal conditions 
are experienced, the gases are effectively 
held within the steep confines of the valley 
and thus flow downstream, in what may be 
considered as a huge conduit. Samples of 
the atmosphere were taken at various 
heights above mean sea lével and the 
sulphur dioxide concentrations in PPM 
were ascertained. The results of one series 
of determinations are shown in Fig 11 
where the samples were taken during the 
night of May 17, 1940, from 1:35 AM to 
1:so AM. As Dr Hewson! points out, the 
horizontal stratification of the gas is quite 
marked. Such a condition was to be ex- 
pected in the early morning when iso- 
thermal and inversion conditions existed. 

Based on a mathematical statistical 
analysis of numerous smoke observations, 
Hewson and his associates found that the 
smoke during the early morning followed 
a pattern similar to that sketched in Fig 
12. The stacks are approximately 4oo ft in 
height, with the chimneys discharging at 
2000 ft. The gases on discharge are about 
100°F warmer than the surrounding air 
and with light wind the gases mix and drop 
in temperature at a greater lapse rate than 
either the dry or moist adiabatic lapse 
rates. 

Upon reaching 2500 ft the gases reach 
equilibrium with the surrounding air and 
afterwards flow downstream as a ribbon 
about 200 ft in thickness and at nearly 
constant height. 
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As Hewson‘ has pointed out in the report 
of the investigations carried out at Trail, 
B.C., the heating of the sides of the valley 
is the factor that causes a cross movement 


FIG 11 
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is a downward movement on the cool - 
shaded eastern side. As the sun moves © 
through the heavens, there comes a period 

during hours flanking noon when the action — 


t. 


SO, CONCENTRATION IN PPM. 


Fic 12 


HEIGHT ABOVE MSL IN FEET 


Fic 11—VARIATION OF S02 CONCENTRATION WITH HEIGHT. 
Fic 12—BEHAVIOR OF SMOKE FROM STACKS WITH LIGHT WINDS AND TURBULENCE. 


of air in the valley from one side to the 
other. As the sun is rising, the westerly 
bank of a river running approximately N 
and S (for instance, the Monongahela) is 
heated more than the easterly side. As a 
result, convection currents lift parcels of air 
upwards along the westerly bank and there 


; 
| 
| 
. 
| 
. 
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is more of less uniform throughout the 
valley, while in the late afternoon the 
easterly bank is warmed and the air move- 
ments are upward on that side. Because of 
the greater heights and the more rugged 
terrain of the Columbia River Valley these 
air currents are in all probability more 
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pronounced than those experienced in the 


Monongahela River valley; but this poten- 
tial influence is present in most valleys. 

From the foregoing statements it will be 
realized that there can exist a daily cycle of 
air conditions over a highly industrialized 
area, in which topography, location, and 
seasons combine to create polluted atmos- 
pheric conditions provided general large 
scale weather phenomena favor it. 


CONCLUSION 


No suggestions or methods are advanced 
as a palliative or cure for pollution that 
becomes concentrated in the atmosphere 
when stable air conditions as described are 
experienced. The problem is one that re- 
quires deep study and if this paper has in 
some small degree drawn thoughtful at- 
tention to a few of the factors which play 
such an important part in the problem of 
atmospheric pollution it will have suc- 
ceeded in its purpose. 
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3 Significance of Condensation Nuclei in Atmospheric Pollution 


By Hans NEUBERGER 


(Cincinnati Meeting, October 1947) 


INTRODUCTION 


In our everyday life, visual perception 
plays perhaps a more important role than 
any of the other senses with which we are 
equipped by nature. It is, therefore, quite 
understandable that the average person 
associates with the term ‘atmospheric 
pollution,” clouds of dust, palls of smoke or 
deposits. of soot, phenomena which are so 
familiar to the residents of industrial 
cities. On the other hand, “‘air” is usually 
considered the prototype of the invisible, 
of the intangible, and any suspensions in 
the air which do not conform to this con- 
cept, are regarded as foreign to the atmos- 
phere and thus as “pollution.”’ According 
to Webster, the term ‘‘pollution” implies 
uncleanness, impurity, in short, something 
undesirable. 

Although the scientist often accepts 
popular concepts, he is generally inclined 
to suspect that apparently ‘“‘obvious”’ 
phenomena imply, literally, ‘‘more than 
meets the eye.’’ To show that this suspicion 
is also justified with regard to atmospheric 
pollution, is the objective of this discussion. 
It will be shown that what seems foreign 
to the air at first sight, is by nature an 
integral part of it, and that the more im- 
portant aspects of pollution generally 
escape attention. 


Tue ATMOSPHERIC CONSTITUENTS 


We can distinguish two classes of atmos- 
pheric constituents: the permanent gases, 


* Paper presented at Joint Fuels Conference 
of Coal Division AIME and Fuels Division 
ASME. Manuscript received at the office of 
the Institute July 23, 1947. Issued as TP 2396 
in CoaL TECHNOLOGY, May 1948. _ 

+ Chief, Division of Meteorology. The 
Pennsylvania State College, State College, Pa. 
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chiefly nitrogen, oxygen, traces of argon, 
neon, and others, and the variable con- 
stituents which include water in its differ- 


ent states, carbon dioxide, ozone, and 
various suspensions, aes in gaseous, 
liquid or solid form. These suspensions, 


known by the collective term “‘ Aerosol,’’2° 


will be considered in detail. 


Dust 


There are two general types of aerosols: 
the first type is represented by the socalled 


“neutral” particles, commonly known as _ 


dust and experienced by everyone, as it is 
the more conspicuous type of suspensions. 
It often represents a special problem to the 
mining engineer, the mechanical engineer, 
the industrial engineer, and many other 
professional men. Dust consists of finely 


divided solids derived from weathering, | 


drilling, handling and preparation of rocks 
and coal. Dust may also consist of organic 
or inorganic particles resulting from manu- 
facture of a variety of products such as 
flour, rubber, lime and steel, from traffic on 


land be it on the highways, on rails or in 
city streets, from decomposed vegetation — 


or from volcanic eruptions. Perhaps the 
most reviled member of this class of sus- 


pensions is the soot and fly ashes from coal — 


fires and other combustion processes. 


The cosmic source of dust, namely the — 
injection of meteoric matter into the atmos- _ 
phere, is of minor significance because the _ 
concentration of particles is exceedingly 
small despite the relatively large mass of | 
material which invades the earth’s atmos- _ 


phere from space. 


* References are at the end of the paper. 


> 
2 


| 
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In general it can be stated that the at- 
mosphere would contain dust even in the 
a absence of the sources occasioned by 
a human activities, because the chief sources 
_ of dust are natural ones,* such as volcanic 
eruptions and, particularly, dust storms 
originating in desert areas. It was esti- 
mated that the volume of fine ashes 
thrown into the atmosphere by a strong 
volcanic eruption amounts to as much as 
100 billion cubic yards.* As another exam- 
ple of nature’s prolific dust sources, the 
single dustfall of March 1901° may be cited, 
when about 2 million tons of dust from the 
African desert were deposited over Europe 
alone, not counting what remained in 
suspension and drifted with the air currents 
beyond the limits of the continent or what 
was deposited over the Mediterranean 
Ocean and elsewhere. In February 1903, 
10 million tons of red dust from Northwest 
Africa were deposited over England.'® 

The size of the neutral dust particles 
ranges from about 3 X 10-* to ro—* cm and 
larger,® that is, from microscopic diameters 
to kernels visible to the naked eye. The 
median and modal size for large American 
cities was determined at about 5 X 10-° 
ecm.’ It is not astonishing that it is par- 
ticularly the large dust particles that 
arouse the ire of the housewife and other 
people concerned with the nuisance of dust. 
However, it should be noted that the large 
particles are in general rather shortlived as 
suspensions because they settle quite rapidly 
out of the air near their source, and once 
they are deposited, they cannot properly be 
called suspensions any longer, even though 
they may remain a nuisance. 


CONDENSATION NUCLEI 


The second type of suspensions which is 
by far more important than the neutral 
dust, is the “active” dust!® which is made 
up of hygroscopic substances. Due to their 
- affinity for water, the hygroscopic particles 
play an all-important role in the transfor- 
mation of water vapor into liquid water 
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droplets or solid ice particles. When the 
moisture content of air which is devoid of 
any suspensions, is increased to and above 
the saturation point, spontaneous con- 
densation into water droplets will not 
occur until a supersaturation of roughly 
800 pet is reached.'® The fact that water 
vapor ordinarily requires some surfaces on 
which to condense under conditions of 
saturation or only slight supersaturation, is 
easily observed when drawing hot water in 
a bathroom. A deposit of dew droplets on 
walls, mirrors, windows, and other places, 
can usually be seen before a steam cloud 
will form throughout the room, if indeed it 
forms at all. In the free atmosphere, the 
hygroscopic suspensions furnish the sur- 
faces necessary for the process of condensa- 
tion, and therefore these particles are 
called condensation nuclei. As such, they are 
of vital importance in the formation of fog, 
clouds and, eventually, rain. The signifi- 
cance of rain in the maintenance of organic 
life on this earth is too well known to re- 
quire further discussion. 

The Chemical Nature of Condensation 
Nuclei—There is a great variety of sub- 
stances which serve as nuclei due to their 
hygroscopicity. Chloride salts and sulphuric 
acid are perhaps the most important 
chemicals in the air acting as nuclei.’*1° 
Other nuclei-forming substances are phos- 
phorous compounds, oxides of nitrogen, 
and nitrous acid which may form from the 
nitrogen, oxygen and water vapor in the 
air either in the presence of ozone,?'* by 
lightning, or by contact with glowing 
metal surfaces.° The importance of com- 
bustion processes for the production of 
nitrous acid was stressed by Coste and 
Wright.® 

The importance of sulphur as a nuclei- 
producing agent was clearly shown by Ives 
and collaborators’? who demonstrated the 
parallelism of the sulphur content of air and 
the number of condensation nuclei (Table 
1) in several American cities. 
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TABLE 1—Sulphur Content (in ug per m') 
and Average Number of Nuclei Per mm* 
(After Ives et al.) 


' SULPHUR NUCLEI 
0-50 150 
51-100 } 217 
IOI-I50 231 
>150 316 


The specific role of sulphur dioxide in the 
production of nuclei was investigated by 
Aitken.! He reasoned, and demonstrated 
by experiment, that sulphur dioxide under 
the influence of ultraviolet radiation is 
oxidized to the highly hygroscopic sulphur 
trioxide, which together with water vapor 
attracted from the air, forms minute drop- 
lets of sulphuric acid. He thus explained 
the frequently observable fact that in in- 
dustrial areas a thin haze or smoke layer 
will often turn into a dense fog when the 
morning sun shines on it. However, a 
direct correlation between the intensity of 
the ultraviolet portion of sunlight and the 
number of nuclei at ground level is difficult 
to establish, because the ultraviolet radia- 
tion is not only affected by the property of 
the air layers at greater altitudes, but is 
also depleted by the nuclei themselves. 
Both effects were shown by Ives and Gill?! 
who found that under clear skies (with 
strong ultraviolet radiation) the nuclei 
content was somewhat higher than under 
cloudy skies. On the other hand, they also 
demonstrated that more intense ultra- 
violet radiation was associated with a 
smaller nuclei content of the air, as is 
evident from Table 2, reproduced from the 
paper cited. 

This latter effect was also confirmed by 
H. Landsberg’ at State College, Pa., a 
place remote from industrial activities, 
where a definite decrease of the biologically 
effective ultraviolet light was observed 
with an increase in number of condensation 
nuclei. That the observed effects are a 
function of the chemical nature of the 
nuclei involved, can be deduced from the 
fact that on the island of Sylt in the North 
Sea, the author!’ could observe the same 


- . Bia | 
= 
- 
TABLE 2—Average Ultraviolet (UV) Radia- 
tion (in Microwatts per cm?) and Number of 


Condensation Nuclei (N) (Per mm’) for 


Clear and Cloudly Skies 
(After J. E. Ives and W. A. Gill) 


pe wins op" 


Most smoky cities|Least smoky cities ~ 


Sky Condition = 
UV N UV N @ 

= 

Clears csc eke. 24.2 240 36.4 172 $ 
Cloudy #: joeae: 8.1 207 16.9 162 . 
- 


effect of sky condition (as that shown in © 
Table 2) only when the wind blew from the 
nearby mainland, while the reverse was 
true for a wind from the sea, as shown in | 


Table 3. : } 
TABLE 3—Average Number of Condensation | 
Nuclei Per mm’ for Clear and Cloudy Skies — 

(After H. Neuberger) 


Wind Blowing from ~ 
Land Sea 


Sky condition 


Glearss,.¢ s68 sce 3.4 
3.90 


The winds from the land, aside from their 
higher nuclei content, apparently carry 
substances (most likely sulphur dioxide) 
from combustion processes which become 
nucleogenic under the influence of sun-— 
light, whereas the nuclei in winds from the 
sea consist chiefly of chlorides and other 
ocean salts which are hygroscopic without 
a chemical transformation due to sunlight. 

The transformation of sulphur dioxide 
to sulphur trioxide may also be caused by 
the presence of other oxidizing agents in 
the air, such as nitrous acid.® 

It may be mentioned, that when the — 
atmosphere is greatly supersaturated with | 
water vapor, a condition which is rarely, if 
ever, found in nature, nonhygroscopic 
particles of very small size’? may also act — 
as nuclei. Similarly, positively or negatively 
charged ions will serve as nuclei in highly © 
supersaturated air.1® Such ions may be 
produced by radioactive material, cosmic 
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rays, lightning, X rays, ultraviolet radia- 
tion, and others.!? 


The Sources of Nuclei 


The chief natural sources of nuclei are 
volcanic eruptions, spray from ocean sur- 
faces,!® combustion products from forest 
and steppe fires,4 swamp gases, exhalations 
from living or decaying vegetation, and 
bacteria. Man-made sources can be enu- 
merated as follows: Industrial furnaces and 
processes of various kinds, such as blast 
furnaces, Bessemer converters, rolling 
mills, coke ovens, in short all industrial 
chimneys. Our modern transportation 
facilities, such as steam and Diesel loco- 
motives and boats, automobiles and air- 
planes are also copious producers of nuclei. 
Domestic sources are oil-, gas-, or coal-fired 
furnaces, cooking stoves, incinerators, and 
tobacco smoke. In other words, nuclei are 
produced wherever substances or processes 
give off odiferous fumes,.’® where materials 
are glowing hot, or combustion takes place, 
whether visible smoke is emitted or not. 
Again, as in the case of dust, man-made 
sources are insignificant by comparison 
with natural sources.‘ 

It may be in order to quote some numeri- 
cal values in order to illustrate the variation 
in the nuclei content of air as well as the 
effectiveness of various sources. 

An average grass fire extending over one 
acre, produces some 20,000 billion-billion 
(= 2 X 10%) nuclei. If these nuclei were 
distributed through a column of air having 
a cross-section of one acre and a height of 
‘10,000 ft, there would still be a concentra- 
tion of roughly 2 billion particles per cm’. 
One puff of cigarette smoke contains some 


~ four billion nuclei according to Aitken.* 


Melander'® found that the number of 
nuclei increased from about 2600 to 
35,000 per cm*® when the wind carried the 
smoke column of Mount Vesuvius over the 
place of observation at a distance of 6 
miles. Measurements of J. H. Coste and 


es ae 
* Quoted from Landsberg.'® 
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H. L. Wright’ showed that a flame of 
commercial coal gas lit for only 15 sec 
increased the number of nuclei in a cham- 
ber from 109,000 to 860,000 per cm*. ‘These 
authors also showed that the greater the 
sulphur content of the fuel, the more nuclei 
are produced by its combustion. Junge” 
computed that a flame of commercial coal 
gas which consumes 0.43 cm* gas per sec 
and contains only 0.003 pct sulphur dioxide 
derived from combustion of 0.073 mg of 
carbon disulphide in that volume, produces 
every second 250 billion (= 2.5 X rol) 
sulphuric-acid particles of 7.5 X 10-7 cm 
radius. Salles* measured in the streets of 
Paris 40,000 nuclei per cm* which number 
increased to more than 100,000 when an 
automobile passed nearby. Amelung and 
Landsberg? found in a ventilated kitchen 
with a large gas range in use, the number 
of nuclei exceeding 500,000 per cm’, while 
the outside air contained only about 
25,000 nuclei per cm.* 


The Physical Properties of Nuclei 


As regards the size of the nuclei, it is, for 


- average humidity conditions, of the order 


of 5 X 10~® cm*® and ranges from about 
to-7 to 10-5cm radius.'® Their weight has 
been estimated at 107!4 to 107!8 g or an 
equivalent of an aggregate of 10° molecules. 
The minuteness of these nuclei is perhaps 
more comprehensively illustrated by the 
fact that 100,000 nuclei of spherical shape 
fill a volume of only about 5 X 107" cm’, 
or that it takes 2 million-billion to occupy 
the space of one cubic centimeter. Thus, it 
is evident that, ordinarily, the nuclei are 
invisible. However, since their size is a 
function of the moisture content of the alr, 
due to their hygroscopic nature, their 
presence may become apparent indirectly 
as haze, or as fog or cloud droplets, t under 


* Quoted from Landsberg.'® 

+ The fact that a fairly large droplet con- 
denses around each nucleus under condition of 
saturation or slight supersaturation, is utilized 
in the method of counting the number of 
nuclei in a ‘‘cloud chamber,”’ 


576 SIGNIFICANCE OF CONDENSATION NUCLEI IN ATMOSPHERIC POLLUTION 


the proper moisture conditions. Experi- 
mental studies by Chr. Junge,!? in good 
agreement with the theoretical analysis by 
H. Kohler," revealed that the size of the 


VISUAL RANGE 
50 40, 30.20 He) O 


RELATIVE HUMIDITY (%) 


RADIUS 


Fic 1—THE RADIUS OF A CONDENSATION NUCLEUS (AFTER CHR. JUNGE) AND AVERAGE VISUAL 
RANGE AS A FUNCTION OF RELATIVE HUMIDITY. ‘ 


condensation nuclei is practically unaf- 


fected by the humidity in the air as long as | 


the relative humidity remains below 70 
pet. Under this condition, the nuclei are 
either, solid, liquid, or gaseous particles, 
depending on their chemical composition. 
When the relative humidity increases above 
70 pct, these particles grow slowly at first 
and then rapidly as the relative humidity 
approaches 100 pct. This is shown in Fig 1 
by the solid curve. 

For comparison, the average visual range 
in miles was computed as a function of 
relative humidity from the material ob- 
tained by the author" on the island of Sylt, 
and plotted as a dashed curve. Since, at the 
location mentioned, the nuclear climate 
with respect to number and type is fairly 
uniform, it is to be expected that the visual 
range decreases with increase in size of the 
nuclei because the amount of veiling light 
scattered by the nuclei is a function of their 
size. This is well brought out by the portion 


of the dashed curve above 70 pct relativell 
humidity. In general, the absorption off 
water vapor from the air by the nuclei at _ 
relative humidities above 70 pct transforms — 


(MILES) i | 


| 
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the nuclei from gaseous, liquid, or solid 
particles into tiny droplets of salt or acid 
solutions whose concentration varies with 
the original size of each nucleus and the 
amount of water absorbed. In turn, the 
amount of water condensed on the particle | 
is a function of this concentration and the 
size of the particle. In addition, the pres- 
ence of electrical charges on the nucleus 
has an influence on its hygroscopicity or, 
more precisely, on the vapor pressure. 
The various effects of the properties of — 
nuclei on the condensation process can be 
summarized as follows: Water vapor will 
more readily condense on a nucleus, the 
greater its concentration of salts or acids, 
the greater its electrical charge, and the 
greater its radius. Thus, (neglecting the — 
small effect of electrical charges) during ~ 
the process of condensation, the growth of 
the smaller nuclei is slower than that of the 
larger ones, so that even dense fogs or 
clouds in relatively pure air contain a large 


number of free nuclei!® which have not 
grown to the size of fog or cloud droplets, 
that is to a size of the order of roughly 10~* 
cm*, Only about 300 to 500 nuclei per cm* 
are needed for the formation of dense 
clouds.}® 

Fig 1 also shows quite strikingly that 
3 condensation is a continuous process that, 
in effect, begins at humidities far below the 
saturation point as determined for plane, 
pure water surfaces. Therefore, the de- 
crease in transparency of the air with 
‘ increase in humidity is also continuous, 
- and the transition from clear air to haze to 
fog is so gradual that it is impossible to 
determine the instant at which the haze 
stops and the fog begins. 

The visibility and stability of the con- 
densation products is dependent on, among 
other factors, the size and the number of 
droplets. In industrial regions with their 
overabundance of nuclei, the transparency 
of the air is markedly reduced, when the 
relative humidity has not yet reached 100 
pet. By contrast, in relatively pure country 
air, saturation may exist for some time 
before the fog becomes visible. Neverthe- 
less, the meteorological conditions that lead 
to the saturation of the air near the ground, 
usually affect regions on such a large scale 
that the frequency of foggy days cannot 
readily be taken as an index of air pollution. 
This is evident from the fact that the aver- 
age annual number of days with dense.fogs 
for the period 1936-1940 inclusive, is 12 at 
Cincinnati, O., rz at St. Louis, Mo., and 13 
at State College, Pa. This means that the 
frequency of dense fog is practically identi- 
cal at all three localities. However, if 
records of the duration of fogs were avail- 
able for comparison, it is almost certain 
that the number of hours with dense fog 
would be the smallest at State College. 
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Comparison between the Two Types of Aerosol 

Aside from the all-important role that 
nuclei play in the atmospheric condensa- 
tion processes, they also surpass dust in 
point of number, greater persistence as an 
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aerosol, and their chemical and, possibly, 
biological action. 

As regards the concentration of particles 
in a unit volume of fairly clean air, the 
nuclei are about 50 times as numerous as 
the dust particles. For example, Giner and 
Hess® found in Innsbruck, Austria, the 
mean annual number of nuclei to be 24,100 
per cm’, the number of nonhygroscopic 
dust particles to be 464 per cm’, In in- 
dustrial cities,!° the dust particles repre- 
sent only a fraction of one per cent of the 
total amount of suspensions found in the 
air, as can be seen from T able 4. This table 
also shows that a certain parallelism exists 
between the concentration of dust and that 
of nuclei. 


Taste 4—Mean Number of Condensation 
Nuclei (N) for Various Ranges of Dust 
Concentration (D) in City Air 
(After Ives and Collaborators) 


D PER Cm? N PER CM? 
<500 189,000 
500-999 211,000 
° >999 223,000 


This is not surprising since both types of 
aerosol are produced as a result of the 
same human activities.1°1> A pronounced 
parallelism can also be found with respect 
to diurnal and annual variations of the 
atmospheric dust and nuclei content.® 

In the free atmosphere, the nuclei exceed 
the dust particles by a factor of several 
thousand.® This is chiefly due to the fact 
that the dust, by virtue of its larger par- 
ticles, is subject to considerable sedimenta- 
tion,?® while the smaller nuclei are easily 
carried to higher altitudes by light convec- 
tion currents.*® Measurements made. in 
free balloon ascents,® showed for the first 
2000 meters, an increase of about 25 pet in 
the ratio of number of nuclei to that of 
dust particles. Nevertheless, the nuclei 
content decreases with increase in altitude 
above the surface, even though at a slower 
rate, than does the dust content.®*1® This 
decrease is due to dispersion and coagula- 
tion.!2 Similarly, the horizontal transport 
by wind generally carries nuclei to greater 
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distances from their source than dust 
particles. The fact that salt nuclei from the 
oceans are found in the middle of large 
continents, illustrates the ease with which 
these small suspensions ride the air cur- 
rent. The previously mentioned cases in 
which dust from desert areas travels over 
great distances depend on special mete- 
orological conditions, which are the excep- 
tions, rather than the rule. At any rate, 
dust from industrial sources is usually 
deposited within a relatively. confined area 
around the source, whereas the simultane- 
ously produced nuclei are often carried far 
to the leeward. 

As far as the cleansing effect of rain or of 
other forms of precipitation on the aerosol 
is concerned, it seems logical to assume that 
the large dust particles are more easily 
“washed”? out of the air than the small 
nuclei. However, the results of pertinent 
investigations by various authors are by 
no means in agreement. For instance, ac- 
cording to the findings of Giner and Hess*® 
at Innsbruck, rain decreases the number of 
nuclei ‘‘as a rule,” while the dust content is 
“always” diminished. By contrast, Ives 
and collaborators! could not detect any 
effect even of heavy rain on the dust con- 
tent of the air in American industrial 
cities. It is not possible at this time, to 
decide whether this discrepancy is due to 
the difference in the aerosol climate between 
the localities cited, or whether it is due to 
the difference in methods employed for the 
dust determinations. 

Similarly inconsistent results become 
apparent when investigating the effect of 
precipitation on the number of nuclei. Not 
only does the nuclei content often not 
diminish during or after rain, but also in 
many instances, a pronounced increase can 
_be observed.'5!” The nucleogenic property 
of rain, particularly of the shower type, is 
‘most likely attributable to the production 
of ions by the splashing of droplets, the 
socalled Lenard-effect.'® 

Probably the most obvious physico- 
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chemical effect of the aerosol is the corro-_ 
sion of exposed surfaces caused by the _ 
chlorine, sulphur, and ammonia compounds H 
of which the nuclei consist. Manifestations .| 
of this corrosion can be observed on house © 
facades? in all industrial regions with their — 
abundance of sulphuric-acid suspensions, _ 
or at the seashore, where the relatively i 
high salt content of the air often proves } 
destructive of inadequately protected me- — 
chanical devices, such as camera shutters : 
and watches. Notwithstanding the unde- ‘| 
| 


sirable chemical properties of nuclei, they 
have also beneficial aspects. The bracing 
effect of the salty ocean air is well known 
to the vacationist. Also the sulphur content 

of the air is becoming an increasingly im- 
portant natural source for this element, 
an essential item in soil fertility.’? Dust, 
likewise, has its dual aspects which become 
immediately apparent when one considers 
the ‘‘dustbowl”’ of the U.S. and the fertile 
loess deposits in Eastern Asia. The dust 
from combustion processes and _ traffic © 
found in city air is, for the most part, a 
public nuisance. However, most of the 
substances of which this dust is composed, — 
such as carbon, flyashes “and minerals, are 
chemically too inert, and the large particles 
that might cause erosion of surfaces, are’ 
too few to equal the importance of nuclei 
in the problem of air pollution. The tarry 
components of dust have probably a 
deleterious effect on plant life. However, — 
even this growth-impairing effect is small — 
in comparison with that of other environ- 
mental factors such as lack of fertile soil, 
inadequate supply of precipitation due to 
pavements and snow removal, and lack of — 
sunlight because of the high buildings. This 
contention is borne out by the fact that in — 
spite of existing air pollution, vegetation 
flourishes in city parks or wherever ample 
space is provided. However, space is at a 
premium in industrial cities so that vege- 
tation is generally scarce. This is unfor- 
tunate because trees and shrubs are 
effective filters of the aerosol. 
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In closing, a few remarks may be made 
on the possible biological effects of the 


aerosol on human beings. Here, the reduc- 


tion of sunlight, particularly its ultraviolet 
component, by both dust and nuclei comes 
foremost to. the mind. This reduction, 
however, cannot be considered as a serious 
disadvantage from the physiological point 
of view for the following obvious reasons: 
1) most city residents spend most of their 
daytime hours either indoors, or in sub- 
ways, busses, streetcars, automobiles; 2) 
even in the absence of air pollution, sun- 
light in city streets is greatly reduced by 
the shade caused by city buildings; 3) even 
in completely unimpaired sunshine, an 
effect of the actinic rays could not reason- 
able be expected, as civilized people gen- 


erally expose only an insignificant portion 


of their skin to the sun’s rays; 4) probably 
the most important argument is that the 
beneficial antirachitic effect of sunlight has 
been recognized as outweighed by its 
detrimental carcinogenic effect, which 
causes a high incidence of skin cancer 
among outdoor workers. 

With regard to the effect of the aerosol on 
the human respiratory system, very little 
factual data are available, although specu- 


- lative inferences abound. Until the direct 


physiological reaction of the human body 
to all components of the aerosol is known, 
conclusions drawn from purely formal 


- statistical correlations must be looked upon 


with utter suspicion. For instance, correla- 
tions between incidence of, or mortality 
from, respiratory diseases and mere “in- 
dices” of air pollution seem to be highly 


conjectural, as was emphasized by V. 


~ Conrad.! 


One of the few problems explored is the 
retention of condensation nuclei in the 


“respiratory tracts. Wigand,* Wait,* Ame- 


lung and Landsberg? have made a few 
measurements of the number of nuclei in 


the air inhaled and that of the breath 
_ exhaled. Their results, arranged and sum- 


* Quoted from Landsberg.!* 
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marized in Table 5, show that the number 
of nuclei retained in our respiratory system 
increases with increased nuclei content of 
the air we breathe, even though the per- 
centage retained decreases. 


TABLE 5—Retention of Condensation Nuclet 
in the Human Respiratory System for 
Various Concentrations of Nuclei in the Air 


Average 
Rucker ac Fe Number of Average Pct 
Imiialed Nuclei per mm’ Retained 
Retained 
<50 16 66 
50-100 24 Ou 
>100 75 20 


According to Landsberg!® in city air con- 
taining 100,000 nuclei per cm’, a person 
inhales every minute almost a_ billion 
nuclei which, according to Table 5, means 
that he retains in his system some 150,000 
billion nuclei in the course of a year. Even 
if the body did not expel any of this in- 
haled material, the body’s weight increases 
due to nuclei would amount to only 15 
milligrams per year. Whether or not the 
nuclear substances are harmful is not 
known, but the acrid sensation felt at times 
in the throat, from the sulphur acid in city 
air is nevertheless quite unpleasant. Some 
authors have also speculated that ions or 
electrically charged nuclei may be re- 
sponsible for restlessness and psychological 
depression. 

As regards dust, this component of the 
aerosol has, according to Gemiind,* less 
biological significance than the nuclei be- 
cause of the relatively negligible number of 
dust particles in polluted air. Also, the dust 
elements, due to their larger size, will -be 
more easily filtered out of the air by the 
outer parts of the respiratory tracts. These 
and similar opinions, though plausible, 
should, however, be checked by direct 
experiment. 

In general, this field offers as yet un- 
touched opportunities for the physiologist, 


* Quoted from Landsberg.'* 
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physician, 


bacteriologist, epidemiologist, 


physicist, chemist, meteorologist, and engi- 
neer to combine their knowledge and skill 
in fundamental research on the biological 
effects of atmospheric pollution. 
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SMALL CAPITALS and the titles of papers in italics.) 
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Accidents, See Fuses, electrical, Safety, Transporta- 
tion hazards, Trailing cables, 
Aerosols, definition, 572 
Acid mine drainage: suppresses odors of other pollu- 
tants. until acid is so much diluted as to 
permit of bacterial growth, 144 
precipitates solids thus purifying water, 146 
waste pickle of steel mills used to purify water, 
146-147 
Action of Certain Microorganisms in Acid Mine Drain- 
age, 139-143; Bibliography, 143 
Active dusts, action of, in air, 573 
Air peaks: See Smoke apparatus 
detected by chemical smoke apparatus, 126 
stopped by laying clay over broken ground, 126 
Air pollution, See Meteorology, Trail Smelter, Stabil- 
ity of atmosphere, etc., Significance of 
condensation nuclei, etc. 
Air, supersaturated 800 pet may not condense, 573 
Alabama coals, See Flotation Treatment, etc. 
ALEXANDER, A. J.: Oil and Gas Wells Drilled through 
Workable Coal Seams, 82-85 
- Alkaline mine drairage, 140 
Aten, R. H., and Garin, J. W.: An Example of 
Controlled Pregrouting in Shaft Sinking, 


53-55 

American Smelting and Refining Co., Rosita, Tex., 
134 ; 

Analysis, Pittsburgh seam: in northern West Virginia, 
20 


in westend, Monongalia and Marion Counties, 
West Virginia, 20 

“Anat”? and ‘‘at-an”’ and so forth apparently 

= abandoned, 552 

Anemometer: how to measure air with anemometer, 


125 - 

readings unsuited to steeply inclined passages, 
123-125 

om readings vs. smoke readings at low velocities, 
— J22-124 


 Anthraxylon: appearance on microscopic slide, 536 
definition, 536, 553-554 
: vegetal sources, 535 
ae * See also Petrography 2a 
Anthracite Silt for Boiler Fuel with Humphreys Spiral 
Bo Separator, 357-398 

preparation; See Froth flotation at 
Tamaqua, etc., Grinding of Anthracite, 
etc.; Humphrey spiral separator, Pelletiza- 
tion, etc. * ; 


7 


Anthracite 
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(Note: In this index, the names of authors of papers and discussions and of men referred to are printed in 


Asuiey, G. H.: Discussion on Pittsburgh Coal Seam 
in Northern West Virginia, 24 
Asu; R. L.: Shutile-car Haulage, 149-177 
Asu, S. H. and Eaton, W. L.: Barrier Pillars in the 
Anthracite Region of Pennsylvania, 62-80 
Attritus: appearance on microscopic slide, 536 
classified as granular opaque matter, amorphous 
opaque matter and fusinized tissue, 536 
definition, 536 
vegetal source, 536 
See also Petrography 
Automatic circuit breakers, See Circuit breakers, 
automatic, Tie breakers. 


B 


Bacillus, See Microbes 
Bacteria, See Microbes 
Ball milling of anthracite, 378-379 
Batteries for shuttle-car service, 155 
Battery charging room plan, I51 
BANNERMAN, H. M.: Discussion on How Much Coal 
Do We Really Have? The Need for an Up- 
' to-date Survey, 35-36 
Barrett, A. L.: Maintenance of Coal Mining Equip- 
ment. Report of Maintenance Commuttee— 
Coal Division, AIME, 86-88 
Sectionalizing Power Distribution Underground, 
89-94 
Discussion: on Core Drilled Shafts for Ventilation 
and Emergency Escapeways, 138 
on Use of Smoke Apparatus in Practical Mine 
Ventilation Work, 129 
Barrier Pillars in the Anthracite Region of Pennsyl- 
vania, 62-79; Bibliography, 79-80 
calculation of pillar as dam, 69-72 
condition of pillars, 63 
definition of pillar, 62 
effect of ‘‘draw”’ over pillar, 62, 67 
fault as source of weakness, 63 
graph illustrating mine inspectors’ formula for 
required width of pillars, 64 
law relating to barrier pillars, 62 
mine inspectors’ formula for pillar width, 63, 80 
not always columnized, 67 
dangers therefrom, 68 
pitch of pillars, 64 
seepage of water through pillars, 63 
should cross valleys, not follow them, 80, 81 
water impounded by pillars, 62 
width needed to prevent damage by subsidence, 
65 
Bauer, Utah, resin refining plant, 445 
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Becxwitn, A. T.: The Use of Smoke Apparatus in 
Practical Ventilation Work, 120-128; 
discussion, 128-129 

BELLANO, W.: Shuttle-car Haulage, 149-177 

Beneficiation, See Bulk-oil flotation, Froth flotation 
grinding anthracite, Pelletization, Prepa- 
ration 

BERTHOLF, W. M.: Discussion on Preliminary Amer- 
ican Tests of a Cyclone Coal Washer 
Developed in the Netherlands, 239 

Bin, See Surge bin 

Brrp, B. M.: Discussions: on Flotation Treatment of 
Washery Water at the Empire Mine of the 
DeBardeleben Coal Cor poration, 316, 318, 319 

on Froth Flotation of Minus 48-mesh Bitu- 

minous Coal Slurries, 336 


on Maintenance of a Coal Cleaning Plant, 453 


Blending Illinois coals with other coals: 
can use 75 or more percent of low-sulphur 
Illinois coals with coal having medium 
sulphur, 495 
conclusions, 495 
design and construction of test oven, 491-494 
effect of increasing percentage of Illinois coal, 497 
effect of variation in coking time, 496-407 
experiments in blending coals with Illinois coals, 
491, 495 
for metallurgical coke manufacture during World 
War II, 490 
Illinois coal fines should not be used in mix, 495 
iron furnaces should make oven tests for each 
new mix, 501 
lower coke yield with Illinois coals, 495 
low sulphur Illinois coals should be blended 
with the more fluid of eastern coals, 495 
reserves of coal having low enough sulphur for 
such blending, 500-so1r 
sources of coking coal for use with Illinois coals, 
490 
temperature control, 494, 405 
variant effect of pulverization, 495 
weathering lessens cokeability of Illinois coal 
497-500 
Blue Bird Coal Co., Carrier Mills, Ill., 149 
Boghead coal, definition, 537, 552, 554 
“ Boiler fuel’’ first made in 1913, 372 
Borehole (10-in.) in western Maryland ventilates long 
fire clay tunnel, 135 
Boreholes: lead and zine workings in Joplin, Mo., use 
17-in. boreholes for ventilation, 135 
practice of drilling to tap accumulated methane 
old in anthracite region, 137 
remove methane in advance of workings of 
Degnan-McConnell Coal Co., 134 
tap exhaust mine gases at mine of American 
Smelting and Refining Co., Rosita, Mex., 
134, 135 
Brapy, S. D., Jr., and STEELE, W. D.: Pittsburgh Coal 
Seam in Northern West Virginia, 13-24; 
discussion, 25 
Bright coal, definition, 537, 552 
Bruceton (Pa.) coal, cyclone tests, 222-232 
Bulk oil flotation: 341, 342, 351, 352, 353, 354 
can be made profitable, 353 
“caviar’’ carbonized at 1000°F might make 
suitable smokeless fuel, 353 
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picks up bone, middlings and imperfectly oxi- 
dized sulphides, 355 

Trent process, 341 

use 15 to 30 pct crude, kerosene, fuel oil, wate 
gas tar,.354 


Cc 


Cables, trailing, See Safety, Trailing cables, Three 
conductor cable 
Cable-splice failures and time losses in shuttle-car 
operation, 156 ; 
Capy, G. H.: Discussions: on How Much Coal Do We © 
Really Have? The Need for an Up-to-date 
Survey, 32 
on the Action of Certain Microorganisms in 
Acid Mine Drainage, 143 
Cannel coal, definition, 537, 552, 554 
Carbon dioxide formed by low-temperature reactions 
523 
Carbon monoxide formed by low temperature reac- 
tions, 523 : 
Cars, See Mine cars, Shuttle cars and Stripping cars 
Champion, See Froth flotation at Champion ' 
Characteristics of subbituminous and lignitic coals, 31 
CHEDSEY, W. R.: Discussion on The Action of Certain 
‘Microorganisms in Acid Mine Droinong 
146 
Chemical Smoke: See also Smoke apparatus 
corrective factor, 125, 128 
for measurement of low-velocity air currents and ' 
leaks, 120-128 
in fighting mine fires, 127 
length of course to be chosen, 111, 128 
Circuit breakers, automatic: best reclosing time for 
OI-93 ; 
different settings for working and idle days, 91-9 
for portable cables advocated, 94 
for secondary branch circuits advocated, 92 
tie breakers in main feeder lines between sub- 
stations, 91 
Clarain, 553 : > 
CiarKk, G. J.: Methods of Disposal and Handling of 
Refuse at Anthracite Mines in Eastern 
Pennsylvania, 95-112 , 
Classification of mining jobs by types, Pittsburgh 
Coal Co., 117 é 
Cleaning, coal, See Preparation, Froth flotation and 
Bulk flotation 
Cleaning Anthracite Silt for Boiler Fuel with Hare 
bhreys Spiral Separator, 357-368 
CLENDENIN, J. D.: Discussion on The Relation of 
Free-swelling Indexes to Other Characteris-_ 
tics of Some Alabama Domestic Stoker 
Coals, 521, 522 : 
Clouds form at low humidities, 577 
Coalbrook power plant use Humphreys cleaned coal, 4 
365 
Coal cleaning, See Preparation, Froth flotation a: id 
Bulk flotation 
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; Coal Dock Operations of the North Western-Hanna Fuel 
Company at the Head of the Lakes, 455-489 
Coal docks of North Western-Hanna Fuel Co.: 
bridge structures, 458-464 
buckets, 468-472 
electrical power, 485-489 
man power, 489 
operation, 473-483 
operation controls, 489 
screening plants, 472-473 
substructures, 457-458 
trolleys, 464-468 
Coal in Holland, 355 
Coal dust: definition of U.S. Bureau of Mines, 405 
quantity in cuttings, 406 
quantity in run of mine screen analysis, 405 
~ Coal sections, Thiessen’s method of analyzing micro- 
scopically and classifying developed in 
1930, 535 
Coal silts, anthracite, 357 
~ Coal waste, See Waste of coal 
~_ Coke-trees. Alabama coals 
catise timers to be set for too long an operating 
period, 502 
lift fire from fuel bed and air ports, 502 
may cause excessive heat in demand periods, 502 
5 most frequently formed in hold-fire periods, 502 
~ Column samples of coal, how secured and treated, 537 
z Combined Metals Reduction Co., 433 
Condensation nuclei, 573-579 
Consolidated Coal Co., 178 
CooneER, J. D.: The Foundation of Safety Engineering 
and Planning, 185-190 
Conveyor belts: 181 
life of, 180 
must be regularly patrolled, 180 
2000-ton surge bin on hoist belt, 180 
~ Cooper, M. D.: Discussion on Core Drilled Shafts for 
d Ventilation and Emergency Escapeways, 
g 135 
Core Drilled Shafts for Ventilation and Emergency 
Escapeways, 130 
See also Shafts cage, capacity of, 133 
coefficient of friction of air, 133 
cost of construction, 133, 135, 136, 138 
damp walls painted, 132 
depth and diameter, 130 
eliminating ground water, 131 
reaming and lining weak measures, 132 
Core drilled shafts: One in California 534 ft. in 
p diameter but machine to cut it descended 
hole to drillit, 136 
possible limiting diameter, 136 
30-in. diameter shaft drilled for dam at Con- 
; / * fluence, Pa. . 
‘CRAWFORD, J. T.: Coal Dock Operations of North 
Western-Hanna Fuel Company at the Head 
of the Lakes, 455-489 
A. B.: How Much Coal Do We Really 
Have? The Need for an U p-to-date Survey, 
26-32; discussion, 37-39 
Crossy, I. B.: Discussion on Symposium on Grouting, 
oe 61 
Cutters, shortwall: average number of shifts between 
overhauls, 87 
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Cutters, shortwall: maintenance cost in U.S.A. and 
by States, 1945-46, 86 
spare equipment in U.S.A., 87 
Cutters, universal: average number of shifts between 
overhauls, 87 
maintenance cost in U.S.A. and by States, 1945— 
46, 86 
spare equipment in U.S.A., 87 
Cyclone as a Thickener of Coal Slurry, 262-277; Biblio- 
graphy, 277 
Cyclones, See Preparation of coal in liquid media and 
Preliminary American Tests of a Cyclone 
Coal Washer, etc., Use of Hydraulic 
Cyclones as Thickeners, etc. 
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Dautstrom, D. A. and Magser, R. W.: Discussion 
entitled: Cyclone Elimination of Contami- 
nating Solids from Process Water, 277-291 
Davis, D. H.: Froth Flotation of Minus 48-mesh Bitu- 
; minous Coal Slurries, 320-334; discussion, 
336, 337 
Discussion on Flotation Treatment of Washery 
Water at the Empire, Alabama, Mine of the 
DeBardeleben Coal Corporation, 318 
Day, R. J. and Wricut, C. C.: Increasing Value of 
Coal Silts by Pelletization, 380-400; dis- 
cussion, 404 
Degnon-McConnell Coal Co., 134 
DENNEN, W. L. and Witson, V. H.: Cleaning Anthra- 
cite Silt for Boiler Fuel with Humphreys 
Spiral Separator, 357-398; discussion, 379, 
371 
Density and temperature of dry air, relation between, 
425 
Determination of Petrographic Components of Coal by 
Examination of Thin Sections, 535-551; 
Bibliography, 551 
Distribution of coal from Northern West Virginia, 16 
Decline in deep mine production, 31 
Doors for ventilation, shuttle car service, 153 
Drainage of mines: usually definitely acid but some- 
times alkaline: pH 2.3-8.7, 140 
no thiobacillus thioxidans or gram negative rod 
microorganisms yet found in alkaline 
mine drainage, 141 
Drainage level of impounded water underground 
defined, 63 
DRIESSEN, M. G.: Discussions: on Cleaning Anthra- 
cite Silt for Boiler Fuel with Humphreys 
Spiral Separator, 371 
on Flotation of Bituminous Coal, 355 
on Preliminary American Tests of @ Cyclone 
Coal Washer Developed in the Netherlands, 
235-237 
on The Thermal Drying of Fine Coal, 431, 432 
DRIESSEN, M. G.: The Use of Hydraulic Cyclones as 
Thickeners and Washers in Modern Coal 
Preparation, 240-261 
Drills, post-mounted; maintenance costin U.S.A. and 
by states, 1945-1946, 86 
Drop-bottom cars, 10 to t2-ton capacity, 180-181 
Dry adiabatic rate of increase in temperature with 
pressure, 560 
Driers, types of, used for intermediate coal sizes, 427 


584 


Durain, not essentially connected with splint and 
semisplint, 553 
Dust spraying: bibliography, 409 
critical moisture, defined, 408, 409 
data needed, 408-409 
effect of spraying on moisture in product, 408-409 
means of reducing percentage of moisture, 408 
moisture increase in cuttings in percentage from 
dust spraying, 406—408 
quantity of water that may cause freezing trouble 
and complaint of reduced Btu, 406-408 
quantity of water used per ton of run of mine coal 
and per ton of cuttings, 406-408 
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Eagle-Picher Mining and Smelting Co.; first to use 
shuttle cars in Tri-State district, 149 

Eaton, W. L. and Asu, S. H.: Barrier Pillars in the 
Anthracite Region of Pennsylvania, 62-80 

EAVENSON, H. N.: Discussion on How Much Coal Do 
We Really Have? The Need for an Up-to- 
date Survey, 35 

EcKERD, J. W.: Discussion’ on Increasing the Value of 
Coal Silts by Pelletization, 402, 404 

Electric overload protection, where and how it should 
be applied, 90 

Electric substations, where located, 89 

Empire (Ala) washer, See, Flotation treatment, etc. 

Employment of technical men in summer and gradu- 
ate work, Pittsburgh Coal Co., 114 

ENZIAN, CHARLES: Discussion on Core Drilled Shafts 
for Ventilation and Emergency Escapeways, 
137 

Estimates of Moisture Increases Due to Water-spraying 
of Coal for Dust Control, 405-409, Bibli- 
ography, 409 

Evans, CADWALLDER, JR.: Discussion on Barrier Pil- 
lars in the Anthracite Region of Pennsyl- 
vania, 80-81 

EveERETT, W. W.: Discussion on Increasing the Value 
of Coal Silts by Pelletization, 403 

Example of Controlled Pre-groulting in Shaft Sinking, 
93-55, 

Experience with a Training Program, 113-119 


F 


~ 


Fatconer, S. A.: Discussion: on The Operation of a 
Froth Flotation Plant on Washery-water 
Solids, 303-305 
Fault (want) in northern West Virginia, 21 
Federal Safety Code, three-conductor cable, 153 
Ferric sulphate: hydrolizes to reddish brown mud and 
sulphuric acid, 139 
speedy hydrolization in raw mine water, slow in 
sterilized water, 130 
Ferrous sulphate with sulphuric acid and oxygen 
combines to form ferric sulphate and 
water, 130, 141, speedy action in raw 
mine water, 139 
FIELDNER, A. C., Discussions: on How Much Coal Do 
We Really Have? The Need for an U.p-to- 
date Survey, 33 
on The Action of Certain Microorganisms in 
Acid Mine Drainage, 147 
Fiatt (Ill.), Cyclone for slurry, 279-285 
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Flotation of Bituminous Coal, 338-355. Bibliography, 3. 


Finn, E. E., Discussion on Increasing the Value : 
Coal Silts by Pelletization, 404 : | 

Flash drier, only drier now being used for veer fin 
coal, 427 

Flashovers, electric, of automatic circuit breakers 
how to avoid, 91-93 

FLETCHER, J. H., inventor of shuttle car, 149 

Flotation Treatment of Washery Water at the Empire 
Alabama, Mine of the DeBardeleben Co 
Corporation, 308-315; Bibliography, 3 


Froth Flotation of Minus 48—mesh Bituminous Coal 
Slurries, 320-334 

Fogs: number of dense fogs, no ihe of air pollutio: 
578 
sulphur dioxide, with ultra-violet radiatio 
forms sulphuric acid, thus generati 
fogs, 574 
Foundation of Safety Engineering and Planning, 18 
190 

FREDELL, C. A.: Discussion on Core Drilled Shafts 
Ventilation and Emergency Escapeways, I. 
Free-swelling indexes of Alabama coals, range from 
346 to 8, 503, 504, 519, bibliography 521 


Fog: 


hold-fire operation, 514, 520 
average rate of heat release during hold- 
operation, 515, 516, 520 
carbon, hydrogen and heating value, 522 
coefficient of variation of running time of stoker, 
577 % 
coke accumulation during performance tests, 
508-513, 519, 520 } 
intensity of diastrophic disturbances, 504-505 
petrographic characteristics, 506 
size range of slack coals, 505, 506, 519 
time and condition of storage, 506-508, 519 
unit coal heating value, 518-520, 522 
Free-swelling indexes usually not additive, 521, 522 
Frick, C. H., Grinding of Anthracite for Pulverized 
Fuel, 372-379 
Froth flotation: activator agents, 341 
acid circuit: sometimes desirable, 341 ; 
gives less ash but more iron sulphide in coal 
347 h 
better for dispersing slimes and colloids, 347 
lowers recovery, 347 
bibliography, 355 
Bradford mine froth had only 3 pct ash, 318 
brittle froths, desirable, use kerosene, fuel oil o1 
Pennsylvania crude, 354 4 
brittle froths in western Europe, feeds: beir ng 
dedusted, 337 
cationic reagents, 341 
choice of reagents dependent on value of coal, 356 
coal froth too voluminous. Why not depress 
coal and float refuse?, 315 
collecting agents, 323, 341 
coal with ash as low as 2 pct obtained from 
Pittsburgh bed by recleaning concentrate 
4 or 5 times, 335 


350-351 
deflocculating agents, 341 
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Froth flotation: depressing agents, 323, 341 


depressing pyrite, suitable pH, 319 
differentiated from bulk-oil flotation, 320 
dispersion agents for, 323 


do froth flotation machines degrade coal?, 448 - 


double overflow machines advocated, 336 

effect of high percentage of solids on, 316 

enough reagent to float oversize will put fine 
refuse with coal, 304 

ferrous and ferric sulphates fail to depress a 
Pittsburgh bed coal, 336 

flotability of fusain compared with that of clarain, 
vitrain and durain, 319 

“foam destroyer,’’ Schiictermann and Kremer- 
Baum, Dortmund, Germany, 306 

frothing agents used in, 322, 323, 341 

increased froth depth, lowers capacity, requires 
more reagents and produces low-ash 
tailings, 329 

in Holland, 355, 356 

oil present on coal surfaces, 334 

operating characteristics of plant to separate a 
minus 48-mesh slurry, as from thickener 
of wet cleaning plant, 320 

operating characteristics of plant to separate dry 
coal as from aspiration system, 320, 334 

particles above 28-mesh are floated with diffi- 
culty, 304, 305 

particles above 48-mesh, not treated by flotation 
at Champion, 306, 307 

pH and soluble salts in water, important factors 
in, 346 . 

problem of Hanna Coal Co. of Ohio, 335 

promotor agents, 341 

pulp density should be lower with coal than with 
metals. Why?, 345 

pyrite can be floated or depressed, 315 

reagent costs at Champion, 306 

reagent costs at Tamaqua, 302 

reagent must be tested for each condition pre- 
sented, 351 

reagents to depress coal and float refuse, 315 


teagents used, 322, 341 
‘separate flotation for coal between 8- or ro-mesh 


and 48-mesh advocated, 335, 336 

sizes treatable with economy, 320, 328 

slurry oxidizes in washery and so is harder to 
clean than dry dust, 320 

status of froth flotation in U.S.A. and Europe, 
why?, 315 

step oiling improves product but lengthens 
treatment and requires more reagent, 320 

sulphur reduced from 1.61.8 pct to 1.22 pet 
by, 336 

use vacuum tank to break down froth, 337 

variant size consist makes process difficult, 334 

variation of feed to, 322 

with more reagent, more plus 48-mesh can be 
floated but more high ash fines will float 
and capacity will be reduced, 328 


Froth flotation at Champion: 


collecting agents preferred, fuel oil or kerosene, 349 

costs, 332, 333 

cresylic acid as frother, 348. 

Disco low temperature coke plant, source of 
cresylic acid used, 349 
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Froth flotation at Champion: effect of alkalinity of 


circuit, 320, 330, 341, 347 

effect of strip-pit operation, 330, 332 

effects of slimes and colloids, 330 

frothing reagent, 348 

handling and dewatering of concentrates, 331, 
334 

iron sulphide, if oxidized, proves difficult to ~ 
float, 350, 354 

lime, most practical depressor for iron sulphide, 
343 

marcasite, harder to remove than pyrite, 334 

organic plus sulphate sulphur in minus 200-mesh, 
1:35 pet, 342 

pH 8 or 8.5 perhaps preferable, 330, 347 

power used, 332 

pyrite depression, 330-331 

reagents used, 329 

reclean froth to remove entrapped iron sulphide, 
343, 354 

recleaning or refloating concentrates better than 
depressing agents for iron sulphides, 349, 
354 

subaeration flotation cells, 331 

sulphur reduced only by retreatment and lime, 
336 

tailings disposal, 331 

minus 20 micron coal harder to float than rest of 
minus 200 mesh, 344, 353, 354 

with Rheolaveur cleaning, 321 


Froth flotation at Empire mine: bibliography, 315 


experimental work, 309 

flowsheet and type of coal treated, 308-314 

low sulphur and ash and high fusain in treated 
and untreated coal, 312 

pneumatic froth flotation machine, 312 

suggestions of W. J. Parton, 317, 318 

tests with experimental froth flotation unit, 310 


Froth flotation at Tamaqua colliery, 292-303 


flotation circuit, 297-299 

flowsheet and déscription, 292-293 

minus 200-mesh slimes are undesirable reagent 
consumers and high in ash, 304 

only one condition tank ahead of primary rougher 
cells, 304 

operating costs, $0.451, 302 

oversize classification, 295-297 

plant operation, 302 

product dewatering, 299-301 

pumping and hydroclassification, 293 

reagent feeding, 209 

thickener step interposed between primary and 
secondary operations, 304 

water clarification and impounding, 301 


Froth Flotation of Minus 48-mesh Bituminous Coal 


Slurries, 320-334 


Froth flotation of resin 


airlift type of cell, 437-438 

coal tailings, 440 

mechanically agitated single-cell flotation caused 
. excessive attrition, 435 

optimum particle size 6-mesh, 435 

removal of resin and coal slate increased Btu of 

coal, 440 
use of amyl acetate, 438 
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1939, Pittsburgh, Youngstown, Phila- 
delphia, St. Louis, 556 
Fusain, occurrence, 536 
subsize threshold of fusain, 553, 554 
vegetal origin, 536 
See also Petrography 
Fuses, electrical, blowing time of, extremely variant 
i and unregulated, 94, 


Fuel cost, 
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GaLPIN, J. W.,and ALLEN, R. H.: An Example of 
Controlled Pregrouting in Shaft Sinking, 
53-61 

B. W. and Rivey, H. L.: Flotation Treat- 
ment of Washery Water at the Empire, 
Alabama, Mine of the DeBardeleben Coal 


GANDRUD, 


Corporation, 308-315; discussion, 317- 
319 

GANDRuUD, B. W.: Discussion: on The Operation of 
a Froih-flotation Plant on Washery-water 
Solids, 307 

Geer, M. R. and Yancey, H. F.: Preliminary 


American Tests of a Cyclone Coal Washer 
Developed in the Netherlands, 220-235 
The Cyclone as a Thickener of Coal Slurry, 262; 
discussion, 291 
GisLER, H. J.: Discussions: on Flotation Treatment of 
Washery Water at the Empire, Alabama, 
Mine of the DeBardeleben Coal Cor- 
poration, 317 
on Froth Flotation of Minus 48-mesh Bitu- 
minous Coal Slurries, 335, 336 
on The Operation of a Froth Flotation Plant 
on Washery-water Solids, 305 
Glen Alden Coal Co., 107—108 
Gob piles, See Refuse handling 
Gram negative, unnamed non-spore forming rod 
microorganism found in mine water, 139 
GREENWALD, H. P.: Discussion on the Use of Smoke 
Apparatus in Practical Ventilation Work, 
129 
GRIFFEN, J.: Discussions: on Cleaning Anthracite Silt 
for Boiler Fuel with Humphreys Spiral 
Separator, 369, 370, 371 
on Flotation of Bituminous Coal, 356 
on Flotation Treatment of Washery Water at 
the Empire, Alabama, Mine of the DeBar- 
deleben Coal Corporation, 316 
on Froth Flotation of Minus 48-mesh Bitu- 
minous Coal Slurries, 336, 337 
on Maintenance of a Coal Cleaning Plant, 
452-453 
on Recovery of Resin from Utah Coal, 448 
on the Operation of a Froth Flotation Plant 
on Washery-water Solids, 307 
GrirFitH, F, E.: Safety Considerations for Flame- 
resisting Trailing Cables, 191-197 
Grinding of Anthracite for Pulverized Fuel, 372-379; 
Bibliography, 379 
consumption of energy and mill capacity 
plotted against distance from Lykens, Pa., 
377 
cost of grinding, 379 
data on balls, 378, 379 


INDEX 


Grinding of Anthracite for Pulverized Fuel, electric eye 
regulates coal feed for milling at Hauto, 
yA) 

grindability varies from 35 to 60 Hardgrove, 378 

interlocking, electrical, of feeding and grinding 
functions essential, 376 

mill development, horizontal ball and tube mill 
preferred and why, 376 

moisture in anthracite plotted against mill. 
capacity, 377 

optimum mill speed, 375, 376 

Grouting, Symposium on, 39-61 

Grouting in Southeast Missouri District, 58-61 

Grouting: An Example of Controlled Pre-grouting in 
Shaft Sinking, 53-55 

calking leaks with oakum, lead wool, 
wedges, and flash-set cement, 45 

cementing oil wells, 47 

chemical grouting in Europe, 61 

Cities Service Gas Co., foundation at Wichita, 
Kans., pump station, 52 

clean crevices with water before grouting, 43 

cost of grouting, 40 

dam repair at Council Grove, Kans., 51 

definition of grouting, 39 


wood 


drilling pilot holes in advance of metal drifts, 60° 


drill holes for grouting, number, direction and 
depth of holes, 41 

feeling out holes with thin grout, 43 

Francois method modified, 53 

grouting for headings, 58 

grouting plan for shafts, 57 

Grouting in Southeast Missouri District, 58-61 

grouting of battery~station at Cabazon, San 
Jacinto tunnel, 45 

grouting crevices in Southeast Missouri, 60 

grout leaks, 44 

grout materials listed, 40 

gun-perforating of grout pipes, 52 

high pumping velocity desirable, 44 

hydraulic jet cement mixers, 48 

Introduction—Grouting in Mines, 39-41 

Lumnite blends for grout leaks, 45 t 

mass sliming on surface, overchannel fracture 
zones, 59 

materials used, 40, 49-50 

pre-grouting shaft areas and quicksands, 52-53 

sodium silicate and sodium aluminate for 
grouting, 61 


Solidifying Mines and Shafts Areas by Pressure 


Grouting, 55-61 
squeeze cementing of oil wells, 48 
stage drilling-and-grouting method, advantages 
and drawbacks, 53 * 
sulphate-resistant cements, 49 
supporting slab floors by grouting, 52 


Technique of Pressure Cementing in the Petroleum, ~j 
Mining and Construction Industries, 47-53. 
test pH to determine if neutral water or special 


cement must be used, 54 
trying out water-cement proportions, 52 


Use and Technique of Pressure Grouting in the , 
Construction Industry, 41-46. Bibliography - y 


46-47 


use grout of lowest water-cement ratio that can 


be successfully injected, 43 
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Grouting: uses of grout, 39, 47, 50 
water meter desirable, 42 
weight of cement mixes psi, per foot depth, 42 
Guy, T. W.: Estimates of Moisture Increases Due to 
Water-spraying Coal for Dust Control, 
405-409 
Guy, T. W.: Discussion on Maintenance of a Coal 
Cleaning Plant, 452, 453 
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Hatt R. D.: Discussion on The Action of Certain 
Microorganisms in Acid Mine Drainage, 
145-146 
Hanna Coal Co. of Ohio, 335 
Haulage at Consolidated Coal Co. mines: 
face haulage by battery shuttle cars up to 6 pct 
gradient, by cable reel up to 8 or Io pet. 
or by chain conveyors, 181, 182 
hoisting by incline conveyor, 179 
main haulage by 10- to 12-ton capacity drop- 
bottom cars to 2000-ton surge bin up to 
4 pet gradient, 180-181 
secondary haulage by conveyor belts or any 
other method except shaker conveyors, 
181 
track for trips follow contours, secondary and 
panel roads take gradients, 181 
Hauto plant: 
equipped to pulverize and burn anthracite dust 
in 1943, 374, 375 
flowsheet, 373 
Hazards; in dusty mines with large size fuses, 94 
inherent in mine electric systems, 89 
Hesiey, H. F.: Stability of the Atmosphere and Its 
Influence on Air Pollution, 556-571. 
Hesey, H. F.: Discussions: on Pittsburgh Coal Seam 
in Northern West Virginia, 24 
on The Action of Certain Microorganisms in 
Acid Mine Drainage, 143 
HEN.LINE, P. W., REED, F. H. and JACKMAN, H. W.: 
The Use of Illinois Coal in the Production 
of Metallurgical Coke, 490-501 
Hexane, most suitable solvent for resin extraction 
from concentrate, 441 
Hinxie, M. E. and Korner, W. A.: The Action of 
Certain Microorganisms in Acid Mine 
Drainage, 139; discussion, 146, 148 
Hoist belts, See Conveyor belts 
Howarp, H. C.: Low Temperature Reactions of Oxygen 
on Bituminous Coal, 523-534 
How Much Coal Do We Really Have? The Need for 
an Up-to-date Survey, 26-32 
Hudson Coal Co., 108-111, 185, 357» 368 
Humphreys spiral separator, 357-371 
Hunter, R. M.: Maintenance of a Coal Cleaning 
Plant, 449-452; discussion, 454 
Hydraulic cyclones, See Preliminary American Tests, 
etc., Use of Hydraulic Cyclones, etc., 
Cyclone as a Thickener, etc. 
Hygroscopic nuclei listed, 573 
Hystop, ANDREW, JR.: Transportation Hazards— 
Causes and Prevention, 209-219 
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Illinois coal preparation, See Fiatt, cyclone for slurry. 

Important coal seams rarely found at great depth, 35 

Incline conveyor, 179 

cost of operation, 179 

Increasing the Value of Coal Silts by Pelletization, 380— 
400. Bibliography, 400 

Inherent ash, definition of, 355-356 

International Minerals and Chemicals Corp., Carls- 
bad, N. M. First double trolley wire 
shuttle car, 149, I5I 

International Smelting and Refining Co., 434 

Interrupting capacities suggested for five points at 
which overload protection should be 
afforded, 90-94 

Introduction—Grouting in Mines, 39-41 

Iron sulphide in mine oxidizes to ferrous sulphate and 
some sulphuric acid, 139, 140; slow action 
in laboratory, 139 

Island Creek Coal Co., 406-408 
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Jackman, H. W., REED, F. H. and HENLINE, P. W.: 
The Use of Illinois Coal in the Production 
of Metallurgical Coke, 490-501 ; 

JENKINS, G. S.: Modern Haulage to Meet Local Con- 
ditions, 178-184 

JouNnson, J. S.: Discussion on Cleaning Anthracite Silt 
for Boiler Fuel with Humphreys Spiral 
Separator, 369, 370 

Jump cribs for safe face working, 207 
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Kaiser, E. R.: Discussions on Increasing the Value of 

Coal Silts by Pelletization, 403, 404 
on-The Thermal Drying of Fine Coal, 429-431 

Katabatic, or downhill] winds, at Pittsburgh and Salt 
Lake City, 558 

Katherine Coal Co., Lumberport, W. Va., 149 

KELLEY, J. H.: Shutile-car Haulage, 149-177 

KLEPETKO, ERNEST: Recovery of Resin from. Utah 
Coal, 433-447; discussion, 448 

Koeruter, W. A. and HINKLE, M. E.: The Action of 
Certain Microorganisms in Acid Mine 
Drainage, 139-143; discussion, 146, 148 

Koeuter, W. A.: Discussion on The Action of Certain 
Microorganisms in Acid Mine Drainage, 
148 
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Lapse rate in meteorology, definition, 561 

Layout of workings in Pittsburgh No. 8 Seam, 200-202 

Lee, A. L., devised first cable-powered shuttle car, 149 

Lehigh Navigation Coal Co., 98, 120, 292, 303, 304 

Lehigh Valley Coal Co., 111-112 

Lesser, W. H:: Discussion on Cleaning Anthracite 
Silt for Boiler Fuel with Humphreys Spiral 
Separator, 370 

Lighting roads from trolley circuit, 217 

Loaders, Mobile, maintenance cost in U.S.A. and by 
States, 1945, 1946, 86, 87 

Locomotives, mine, average number of shifts between 
overhauls, 87 
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Locomotives, maintenance cost in U.S.A. and by 
States 1945-1046, 86 
rounded ends advocated, 212-219 
spare equipment, 87 
Temperature Reactions of Oxygen on Bituminous 
Coal, 523-534; Bibliography, 534 
carbon dioxide from coal decomposition as func- 
tion of degree of oxidation, table, 531 
carbon-hydrogen ratios, atomic, in volatile oxi- 
dation products are much lower than in 
original coal, 526 
carbon-hydrogen ratios in coals and in their oxi- 
dation products, table, 528 
condition coal for preparation of organic acids, 
§23 
crushing may increase surface area 600-fold, and 
yet speed reaction rate only 10-fold, 524, 
525 
decrease agglutinating properties of coal, 523 
decrease markedly with time, 526 
dehydrogenation of coal, probable cause of 
destruction of coking and swelling proper- 
ties, 526 
depends on oxygen concentration, 526 
distribution of reacting oxygen; over 50 pct often 
fixed on coal and 20 to 30 pct forming 
water; table, 528 
effect of temperature on rate of reaction, 524-527 
elemental sulphur and chlorine, like oxygen, 
dehydrogenate coal, 526 
form acidic groups, 523 
formation of peroxides postulated, 527 
form carbon dioxide, carbon monoxide and water, 
523 
at first, 
groups, 523 
form later groups soluble in both acids and 
alkalies, 523 
form surface complex which decomposes liber- 
ating water and oxides of carbon, 522, 523 
greatest at first exposure of coal, 527 
heat coal in storage, 523 
occur in three stages, 523 
oxidation of aqueous alkaline suspensions of 
carbonaceous materials with oxygen at 
elevated pressures, table, 531 
rate of oxidation; for Illinois coal, 524 
for Pittsburgh coal, 525 
for Pocahontas coal, 527 
rates of formation of various products in pressure 
oxidations, 531 
of primary reactions are functions of 
maturity, surface area, temperature of 
coal, partial pressure of oxygen and length 
* of exposure, 524 
reaction not all surficial, and fine dust on coarse 
coal is highly reactive, 524 
remove more hydrogen than carbon, 526 
start immediately coal is exposed, 523 
Lyons, O. R. and RicHarpson, A. C.: The Thermal 
Drying of Fine Coal, 410-429; discussion, 
432 
Lyons, O. R.: Discussion on Froth Flotation of Minus 
48-mesh Bituminous Coal Slurries, 336 
Lykens power plant: sold to Pennsylvania Power and 
Light Co., February, 1942, 374 


Low 


form, alkali-soluble, acid-insoluble 


rates 
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Lykens power plant: to dry, pulverize and consume 
anthracite, erected 1921, 374 

Lytle colliery power plant, pulverizing and con- 
suming anthracite, erected 1918, 374 
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Maintenance of a Coal Cleaning Plant, 449-454 
Maintenance of Coal Mining Equipment. Report of 
Maintenance Committee—Coal Division, 
AIME, 86-88 
MaegseEr, R. W. and DauHtstrom, D. A.: Discussion 
entitled Cyclone Elimination of Contaminat- 
ing Solids from Process Water, 277-291 
Maize, R.: Discussion on The Action of Certain Micro- 
organisms in Acid Mine Drainage, 144 
Marcasite, iron sulphide in minus 200-mesh is mostly 
marcasite, 342 
occurrence in mines, 140 | 
McCasgE, L. C.: Discussion on Recovery of Resin from 
Utah Coal, 447 
McCrackENn, W. H.: Shuttle-car Haulage, 149-177 
McE.roy, G. E.: Discussion on the Use of Smoke 
Apparatus in Practical Mine Ventilation 
Work, 128 
McLain Firebrick Co., 130 
Meteorology: Ions as condensation nuclei, 574 
Inversion of temperature gradient or inversion, 
561 
Methods of Disposal and Handling of Refuse at Anthra- 
cite Mines in Eastern Pennsylvania, 95-112 
Microbes: convert sulphates to sulphides, thus de- 
acidifying water, 145 
deoxidizing microbes precipitate sulphates as 
sulphides, 145 
do not thrive in alkali milieu, 146 
low oxygen content or high carbon dioxide con- 
tent seem to favor microbic activity, 141, 
148 
should try to prevent proliferation of microbes 
rather than to deacidify effluent, 146 
where do microbes originate, 146 
Microorganisms, See gram negative rods, microbes, 
mine drainage, Thiobacillus 
Miter, E. F.: Safe Timbering of Working Places in 
Mobile Loading, 198-208 
Milling, ball, of anthracite, date of, 378-379 
Mrinear, V. L.: Use and Technique of Pressure Grout- 
ing in the Construction Industry, 41-47 
Mine cars, maintenance cost in U.S.A. and by States, 
1945-1046, 86 
Mining methods, See Safety 
Mining school graduates entering coal mining, 113 
MitTcuELL, D. R.: Shuttle-car Haulage, 149-177 
Discussion: on Flotation Treatment of Washery 
Water at the Empire, Alabama, Mine of the 
DeBardeleben Coal Corporation, 315 ‘ 
on Froth Flotation of Minus 48-mesh Bitu- 
minous Coal Slurries, 337 
Mobile Loaders, See, Loaders, mobile 
Modern Haulage to Meet Local Conditions, 178-184 
MoELLER, R. E. and Owstey, W. D.: Technique of 
Pressure Cementing in the Petroleum, Min- 
ing, and Construction Industries, 47-53 
Moors, R. C. and Nixon, E. K.: Discussion on How 
Much Coal Do We Really Have? The Need 
for an Up-io-date Survey, 34-35 


Moreaw, J. D., JR.: Shuttle-car Haulage, 149-177 

Morris, R.: Discussion on Core Drilled Shafts for 
Ventilation and Emergency Escapeways, 
135 

| Morrow, J. B.: Discussion on Froth Flotation of Minus 

if 48-mesh Bituminous Coal Slurrtes, 334 

Motors, haulage, See Locomotives 

Mort, R. H.: Solidifying Mines and Shafts Areas by 
Pressure Grouting, 55-58 
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NEUBERGER, Hans: Significance of Condensation 
Nuclei in Atmospheric Pollution, 572-580 

Neutral dusts, 572-573 

Nixon, E. K. and Moorg, R. C.: Discussion on How 
Much Coal Do We Really Have? The Need 
for an Up-to-date Survey, 34-35 

y North Western-Hanna Fuel Co., 455 

Norton, J. E.: Experience with a Training Program, 

os T13-119 
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O’DonnELL, H. J. and Parks, B. C.: Determination 
of Petrographic Components of Coal by 
Examination of Thin Sections, 535-551; 
discussion, 554-555 

Oil and Gas Wells Drilled through Workable Coal 
Seams, 82-85 

Oil production from coal too costly, 31 

Opaque attritus, 539, 554-555 

Operation of a Froth Flotation Plant on Washery-water 
Solids, 292-303 

Orto, H. H.: Discussion on Cleaning Anthracite Silt 
for Boiler Fuel with Humphreys Spiral 
Separator, 368, 369 

Owstey, W. D. and MOELLER, R. E.: Technique of 
Pressure Cementing in the Petroleum, Min- 
ing, and Construction Industries, 47-53 

Oxalic acid formed by low temperature reactions, 523 
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Paint used on damp walls of Buckeye shaft to protect 
shale, 132 
Parks, B. C. and O'DONNELL, H. J.: Determination 
of Petrographic Components of Coal by 
Examination of Thin Sections, 535-551; 
discussion, 554-555 
Parton, W. J.: Discussions: on Flotation Treatment of 
Washery Water of the Empire, Alabama, 
Mine of the DeBardeleben Coal Cor poration, 
317 
on the Operation of a Frouh Flotation Plant 
on Washery Water Slurries, 307 
e on Preliminary American Tests of a Cyclone 
Coal Washer Developed in the Netherlands, 
237-239 
parton, W. J. and Rupert, C. D.: The Operation of a 
Froth Flotation Plant on Washery-w ater 
Solids, 292-303; discussion, 307 
Pellet fuel beds: 
behavior under gasification conditions, 394-396 
combustion behavior, 393 
fly material from beds of pellets is slight, 399 
no disintegration or.collapse under 900 psf press- 
ure, 399 i = 
resistance to gas flow, 393, 394, 395; 399 


i 


INDEX 


589 


Pelletization of coal fines: 
anthracite silts should be pelletized and burned 
for steam at company boiler plants, 401 — 
ash content and other silt characteristics provide 
capillary adherence, 402 
bibliography, 400 
blending and addition of catalysts favored, 401 
coal of all maturities can be pelletized, 391, 399 
combustion behavior, 393 
costs of manufacture, 399, 404 
definition, 380 : 
drying equipment major unit of plant, 400 
effect of adding wax or other lubricant, 391 
equipment needed, 400 
extrusion machines, three different, tested, 381 
Floridin Co. plant tests at Warren, Pa., 381 
friable bituminous coals in need of pelletization, 
401 
high ash coals make best pellets, why? 402 . 
high volatile coals should be partially carbonized, 
then pelletized, 401 
increases reactivity, thus favoring use for gasifica- 
tion, 401 
lignite extrudes well, pellets might be water 
proofed by adding fullers earth or other 
clay prior to extrusion, 401 
pilot plant operations, 396-398 
power consumption in process, 399 
qualifying factors in pelletization: 
completeness of wetting, 385 
content of ash in particles, 386 
natural moisture, 385 
nature of coal, 385 
packing, density of, 384 
particle size, 383 
size consist, 383 
wettability, 385 
silt must be processed to reduce ash to 12 pet for 
consumer appeal, 403 
some coals cannot be pelletized, even with 
wetting agents, asphalt binder and multi- 
ple passes, 386, 402 
Sub-bituminous coals extrude well, 401 
table correlating kind, source and size of ‘coal, 
volatile matter, pellet diameter, size of 
press and strength index, 391 
theory of pelletization, 382-383 
used for years in making industrial carbons and 
in clay industry, 380 
versus plunger pressure, 404 
where bituminous coal failed to pelletize, addi- 
tion of anthracite silt produced pelletiza- 
tion, 386. 
Pelletization, strength of pellet affected by» 
carbonization, 390, 391 
drying, rate and temperature of drying, 380, 402 
mixing and de-airing, how performed, 387, 402 
moisture content in feed and product, 387, 402 
size consist and pulverization 387, 380, 402 
volatile matter, 391 
waterproofing and waterproofing materials, 389, 
399 
Pellets: bound by capillary forces 382-383, 399, 402 
how tested for’strength, 392 
recycling does not improve pellets of low ash 
coals, 402 
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Pellets: size of pellets, 399 
size consist and moisture are the most important 
silt properties, 399, 402 
strength and handling properties of pellets, 392 
strength before and after drying, compared to 
that of soft, low and medium volatile 
coals, 399 
table of bulk densities, pellet densities, porosities, 
apparent densities of pellets, 392 
Pennsylvania Power & Light Co., 372, 379 
conducted tests in 1924 in grinding and burning 
anthracite from all parts of region, 374 
Petrographic components: measured by planimeter, 
535, 543, accuracy, 543-549, 550, 551 
Petrographic terminology developed by Thiessen in 
1920, 535 
Petrography, relation to hydrogenation: anthraxylon 
and translucent attritus give high yields 
and are easily hydrogenated, 550 
attrital coals with much opaque matter give low 
yields and are hard to hydrogenate, 550 
fusain gives lowest yield and is hardest to hydro- 
genate, 550 
more phenols and aromatics derived from an- 
thraxylon than from spores, resins or oil 
algae, 550 
Philadelphia & Reading Coal & Iron Co., 100 
Piers in headings, 201, 202 
Pillars, barrier, see Barrier pillars. 
Pine Grove plant enlarged to grind and burn anthra- 
cite, 374 
Pin timbering systems, 202 
Pittsburgh Coal Co., 193, 320, 338 
Pittsburgh Coal Seam in Northern West Virginia, 13- 
24; Bibliography, 24 
analysis range, 19-22 
area covered, 13 
beneficiation, mechanical, 23 
characteristics, 15, 18 
depth below surface, 13 
distribution of output, 16 
occurrence, 13 
price, 16 
production, total, deep and strip mines and per 
man day, 15 
recovery, I5, 24-25 
reserves, 16-17 
selective mining, 22 
sizes of coal produced, 16-17 
thickness of seam, 13, 19 
uses, industrial and for fuel, 18 
want (fault), 21 
Potash Company of America, Carlsbad, N.M.: 
shuttle car operation, 173 
Powderly colliery, 357-371 
Powder, purchased, cost of, at Philadelphia, Pitts- 
burgh, St. Louis, Youngstown, 556 
Powdered anthracite, See grinding of anthracite for 
pulverized fuel 
Preliminary American Tests of a Cyclone Coal Washer 
Developed in the Netherlands, 220-235; 
Bibliography, 235 
Preparation of coalinliquid media: cyclone thickener: 
air cyclones more efficient than water cyclones 
and why?, 240 
bibliography, 260, 277, 201 


Preparation of coal in liquid media: construction of — 


Preparation of coal in liquid media: cyclone washer 


Preparation of coal in liquid media: Humphreys’ 


Preparation plant, maintenance of, 449 


cyclone, 263, 264 
dry cyclone-underflow ‘“‘sausages, 265, 266, 268, 
282, 291 
efficiency mainly depends on circumferentia 
speed at shortest radius, 240 
error curve, 241, 242 
flowsheet, Mauritz mine of Netherland State, 
243, 244 
inner and outer vortex of cyclone, 240, 241 
maximum solids concentration with sausage-type 
operation, 268 
maximum solids recovery, especially sizes finer 
than 200-mesh with vortex operation, 268 
Northwestern Improvement Co. plant at Roslyn, 
Wash., 264, 273 ‘ 
Springbrook Mining Co., Renton, Wash., plant, 
275, 276 
summary of performance, 277 
two-thirds or more of solids finer than 200-mesh 
escape with overflow, 273 
tests at: Northern Illinois Coal Corporation 
plant, Wilmington, IIl., 287 . a 
Northwestern Improvement Co. plant, — 
Rosyln, Wash., 273-275 
Springbrook Mining Co. plant, Renton, 
Wash., 275-276 1 
Trome curve, 241-242 
Truax-Traer Coal Co. plant, Fiatt, Ill., 279 


barite, bentonite and water Constiaaes 
heavy medium, 222 
bibliography, 235, 260, 201 
construction of test cyclone, 221 
efficiencies at Saxton mine, Indiana vary from 
42.5 to 99.7 pct, 236 : 
efficiencies mislead if same feed and gravity are 
not taken, 236 : 
error area, 225, 236, 241 
has high capacity, makes sharp separation down 
to 48-mesh and extends size range of henna 
media processes, 235 
Netherlands State mines process, 220, 262 a 
relation between acceleration and separation, 239 
resembles Chance, Barvoys, Tromp and Loess 
processes, 220 
tests made of Bruceton and Wilkeson coals, 222 


spiral separator at Powderly colliery: 357 
converted classification by stages to single stage 
operation, 362 
cross section of feed tank for spiel separators, 
359 
equipment installed, 357-362 
flowsheet silt cleaning plant, 363 
full-size operating test plant, 357 
nature and source of feed, 357 
operates more by sedimentation and friction 
than by centrifugal action, 370 


accessibility of units essential, 449 
eliminating refuse elevators, 449, 450 
excess units desirable, 450 


case of accident, 450 


Preparation plant, installation of spare equipment 
against failure, 450 
organization necessary for maintenance, 450 
replace units rather than repair them in place, 454 
sufficient but not excessive spares, 452 
value of records, 451 
Price, P. H.: Discussion on How Much Coal Do We 
Really Have? The Need for an Up-to-date 
Survey, 37 
Production in northern West Virginia and U.S.A., 
14 
Production, total, deep and strip mines and per man- 
day northern West Virginia, 15 
Profiling column for megascopic analysis, 538 
Pulverizing anthracite, See Grinding of Anthracite for 
Pulverized Fuel. 
Pyrite, occurrence in mine, 140 
Pyrosulphuric acid as chemical smoke, 120, 121 
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Rail weights, safe, 216 

Recovery of coal, northern West Virginia, 15, 24, 25 
Recovery of Resin from Utah Coal, 433-447 

Reep, F. H., JAcKMAN, H. W. and HENLINE, Pow: 


The Use of Illinois Coal in the Production . 


of Metallurgical Coke, 490-501 
Refuse cars in anthracite field, 96 
Refuse handling: at Pennsylvania anthracite mines: 
Glen Lyon colliery, Susquehanna Collieries Co., 
99 
' Hazleton shaft colliery, Lehigh Valley Coal Co., 
III-1I2 
Huber colliery, Glen Alden Coal Co., 107-108 
Maple Hill cleaner plant, Philadelphia and 
Reading Coal and Iron Co., 104-106 
Marvine colliery, Hudson Coal Co., 108-111 
Oak Hill colliery, Philadelphia and Reading Coal 
and Iron Co., 102-103 : 
St. Nicholas breaker, Philadelphia and Reading 
Coal and Iron Co., 100-102 


Tamaqua breaker, Lehigh Navigation Coal Co., | 


98 

Trevorton breaker, Stevens ‘Coal Co., 105-107 
Refuse handling at Pennsylvania anthracite mines: 

aerial tramway, 97 : 

ashes placed on separate dump, 95 

belt conveyors, 97 

boom conveyor (swinging) Loree colliery, I10 

crushed and used for mine flushing, 95 

definition, 95 

flight conveyors, 97 ’ 

gasoline- or diesel-powered trucks, 97 

incline cars, 97 

old timber burned, 95 

spreader cars, 98 

track shifters, 98 

types of refuse cars, 96, 97 

use for silt retention berms, 95 © 

weight of refuse in four fields, 96 


’ Regenerated humic acids formed by low temperature 


, reactions, 523 

Relation of Free-swelling Indexes to Other Characterts- 
tics of Some Alabama Domestic Stoker 
Coals, 502-521; Bibliography, 521 
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Remick, W. L.: Discussion on Flotation Treatment of 
Washery Water at the Empire, Alabama, 
Mine of the DeBardeleben Coal Corporation, 
318 
Renton (Wash.), cyclone thickener tests, 265, 275- 
276 
Republic Mining and Manufacturing Co., Bauxite, 
Ark. Shuttle car operation, 191, 192 
Reserves of coal: in northern West Virginia, 15, 24-25 
national, estimated, 32 
national, overestimated, 20, 36 
national, Wrather statement, 1936, compared 
with Campbell estimate of 1907, 26 
Reserves of coal in U.S.A., See Reserves of coal, 
national, and Revision of estimate of 
national coal reserves. 
Reserves of low-sulphur coal, national, 31 
Resin: characteristics, 433 
color of seams, 433 
difficulty with insoluble fractions, 434 
sources in U.S.A. and abroad, 447 
thickness of seams, 433 
uses of product, 433’ 
yield of concentrates from several mines, 434 
Resin refinery: flowsheet, Bauer, Utah, plant, 446- 
447 
flowsheet and symbolic elevation pilot coal- 
treatment plant, 437 
plant under construction at Bauer, Utah, 445 
Resin refining: atomizing unit, 443, 445 
characteristics of available solvents, 440 
filtration, 441 
hexane, most suitable solvent, 441 
melting for shipment, 445 
recovery of resin, 441, 442 
Revision of estimate of national coal reserves, 32 
RICHARDSON, A. C. and Lyons, O. R.: The Thermal 
Drying of Fine Coal, 410-429; discussion, 
432 
Rirey, H. L. and Ganprup, B. W.: Flotation Treat- 
ment of Washery Water of the Empire, 
Alabama, Mine of the DeBardeleben Coal 
Cor poration, 308-315; discussion, 317-319 
Rock dumps, See Refuse handling 
Rock dusting: to obviate mine acidity, 146 
Roslyn (Wash.), cyclone thickener tests, 264-265; 
273-275 
Rupert, C. D. and PARTON, W. J.: The Operation of 
a Froth Flotation Plant on Washery-water 
Solids, 292-303; discussion, 307 
RUTLEDGE, J. J.: Discussions: on The Use of Smoke 
Apparatus in Practical Mine Ventilation 
Work, 129 
‘on Core Drilled Shafts for Ventilation and 
Emergency Escapeways, 134, 136 
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Safe Timbering of Working Places in Mobile Loading, 
198-208 
Safe timbering in mobile loading 
center posts may be broken by heaving, 204 
cross bars’ pulled by shuttle car and cable, 
206 


592 


Safe timbering in mobile loading, diagonal pillaring 
with crib protection, 207 
drilling coal before coal is cut, 204, 206 
factors in roof control, 199, 200 
jump cribs for safe face working, 207 
pin timbering systems, 202 
safe layout in Pittsburgh No. 
202 
safe percentage extraction in first mining, 202 
support of ‘‘wild’’ coal, 202 
timbering of places in mobile loading, 198-208 
trailing cables, 191 
use of piers in headings, 201, 202 
use of rail stock for pin timbering, 206 
West Virginia Mines Department requires 5 
cross bars over each loading unit, 204 
Safety, See also Safety, electrical, Safe timbering, 
Shuttle car haulage, Trailing cables and 
Transportation hazards 
bimonthly house organ, ‘‘The Safety Com- 
mentator,’’ Hudson Coal Co., 188 
management must be sold on safety, 185 
safety certificates discontinued, 189 
safety engineers and inspectors: 
accompany sectional foremen, 186 
do not order, reprimand or discipline, 186 
must be physically able, 185 
must be suitable for advancement, 185 
must have worked on production, 185 
must practice safety in mine and elsewhere, 
186 
Safety Considerations for Flame-resisting Trailing 
Cables, 191-197 
Safety, electrical, interrupting capacities, 90-94 
Sanitary Water Board of Pennsylvania is: demanding 
that washery silt be excluded from streams, 
144 
requiring that newly abandoned mines be sealed, 
144 
sealing abandoned mines, 144 
studying pollution problems, 144 
Saturated, retarded, wet or moist adiabatic rate, 559 
Saxe, J. A., 406-408 
Schools supplying technical men to Pittsburgh Coal 
Con trd 
ScHopr, J. M.: Discussion on Determination of Petro- 
graphic Components of Coal, 551-554 
Screen: analyses of Utah screenings, 440 
sizes for small anthracite and their uses, 372 
type driers used for coarser sizes of fine coal, 427 
Sealing crevices by quicksetting cement or a plastic 
with heavy mud slurry, 138 
Sealing of mines does not much reduce acidity of 
effluent but decreases its volume, 143 
Sectionalizing Power Distribution Underground, 80-94 
Selective mining in northern West Virginia, 22 
Semi-splint coal, definition, 537, 552, 553. 
Shafts, See Core-drilled shafts, also Boreholes 
Shaker conveyors, 181 
SHIPMAN, L. A.: Discussion on Core Drilled Shafts for 
Ventilation and Emergency Escapeways, 
138 ss 
Short crews preferred in tracked rooms, 179 
Shortwall cutters, See Cutters, shortwall 


8 seam, 200— 


INDEX 


SHotts, R. Q.: The Relation of Free-swelling Indexes — 
to Other Characteristics of Some Alabama — 
Domestic Stoker Coals, 502-521 
Shuttle-cay Haulage; 149-176; Bibliography, 177 
average number of shifts between overhauls, 87 
batteries, 155 
battery cars, pro and con, 155, 181, 182 
battery failures, 157 
cable reel cars, pro and con, 156, 181, 182 
cable splice failures and time losses, 156 
capital and maintenance costs, 175 
comparison of mine sections, 156, 159, 160 
design of cars, 155 
dimensions, 155 
equipment required, 175 
examples of time study, 161-170 
first installation, 149 
hazards, 209 
history, 149 
maintenance cost in U.S.A. and by States 1945- 
1946, 86 
men employed in shuttle car section, 154 
mining conditions, 152, 153 
need for improved design, 156 
overloads, 153 
power consumed, 176 
power costs, 175 
repair men, 155 
selection of car type, 154 
soft or muddy road mats, 157 
spare equipment, 87 
three-conductor cable, 153 
time and methods studies, 157 
time study symbols, 152 
uses of shuttle cars, 152 
Significance of Condensation Nuclei in Atmospheric 
Pollution, 572-580; Bibliography, 580 
Silt: See also Pelletization, Pellets and Pellet beds 
recoverable, in 1943, 380 
recoverable, reduced by greater use since 1943, 
: 380, 403 
Sizes of coal in northern West Virginia, 16 
Smoke control, See Air pollution 
Situ, C, M. Discussions: on The Use of Smoke Ap- 
paratus in Practical Mine Ventilaltom 
Work, 128, 129 
on Core Drilled Shafts for Ventilation and — 
Emergency Escapeways, 134-138 
Smoke apparatus, 120-129 
Solidifying Mines and Shafts Areas by Pressure Grout- 
ing, 55-58 
SPANGLER, C. V.: Discussion on Increasing the Value — 
of Coal Silts by Pelletization, 400-402 
Spiral separator, Humphreys, 357-371 
Splint coal, definition, 537, 552, 553 
Springbrook (Wash.), cyclone thickener tests, a6 
275-276 
Stability of the Atmosphere and Its Influence on Air 
Pollution, 556-571; Bibliography, 571 
Stannic chloride as chemical smoke, 120 
Status of graduates employed by Pittsburgh Coal Cass 
114 
STEELE, W. D. and Brapy,S. D., Jr.: Pittsburgh Coal 
Seam in Northern West Virginia, 13-24 
Stevens Coal Co., ros—107 
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Stone, S. A.: Discussion on Cleaning Anthracite Silt 
for Boiler Fuel with Humphreys Spiral 
Separator, 371 
Strippable coal areas, rapid exhaustion of, 31 
SturGgs, F. C.: Core Drilled Shafts for Ventilation and 
Emergency Escapeways, 130-134; discus- 
Ston, 135-138 
Introduction, Grouting in Mines, 39-41 
Subcolumn samples, cut from column sample in 
‘petrographic analysis, 538 
_ Substations, electric, where located, 89 
Subtype designations for coals of mixed characteristics 
as boghead cannel, 537 
_ Sulphur trioxide as chemical smoke, 120, 121 
' Summer work for undergraduates, Pittsburgh Coal 
Cow 113 
Sunbury plant, Pennsylvania Power and Light Co. 
f (New) will use some bituminous coal with 
anthracite when latter is wet, 379 
Sun, S. C.: Discussion on Flotation Treatment of 
4 Washery Water at the Empire, Alabama, 
ee Mine of the DeBardeleben Coal Corpora- 
% tion, 318-319 
Surge bin, 2000-ton capacity at incline conveyor, 180 
Susquehanna Collieries Co., 99, 374 
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Tamaqua colliery, 292-306, 307. See Froth flotation at 
Tamaqua colliery 
Technique of Pressure Cementing in the Petroleum, 
te Mining, and Construction Industries, 47-53 
| Temperature and density of dry air, relation between, 
425 
Thermal Drying of Fine Coal: 410-429; Bibliography, 
429 
driers tested, 410 
heat losses, screen, continuous pallet, rotary 
driers, 430 
jnherent characteristics of coals, 410 
numerical ease of drying, 421 
‘operating costs, 410, 413, 427-428 
saves more than it costs, 429, 430 


a - table of drier evaluation data, 420 

" table of operating data, 413 

ae theory of heat transfer from air friction, 431 
ae ways in which practice can be improved, 428 


} . Thermal drying of fine coal, relation of: 
size of particle to type of drier, 425-426 
tons of water removed to cylinder area, 425, 426, 
‘ 428 
tons of water removed to screen area, 425—427 
Thermal drying of fine coal, relative values of: 
cost factors to cost of drying, 422-423 
cost to tons of water removed, 419, 429 
exhaust gas temperatures to heat required, 418 
inlet gas temperature to heat required, 417 
inlet gas weight to heat required, 416 
particle size to heat required, 418 
surface moisture content of dried coal to exhaust 
gas temperature, 423 
surface moisture of dried coal to heat required, 
415, 427 
surface moisture to heat required, 414, 427 
tons of waterr emoved to heat input to drier, 


423-424 
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Thickeners, See Preliminary American Tests, etc., Use 
of Hydraulic Cyclones, etc., Cyclone as a 
Thickener, etc. 
Thin sectioning of coal samples for microscopic 
analysis: 
anthracite not being translucent at any grinding 
thickness is not thin sectioned, 540-541 
charting subcolumn samples, 540, 541 
definition and description, 538 
loss of coal in sawing and polishing, 539 
magnification, 539, 542 
mounting sample, 539 
thickness, 539 
Thiobacillus thiooxidans converts sulphur or thiosul- 
phate to sulphuric acid, 139 
Three-conductor cable, Federal Safety Code, 153 
Tie breakers, See Circuit breakers, automatic 
Torncgs, A. L.: Discussion on Core Drilled Shafts for 
Ventilation and Emergency Escapeways, 
135 
Trailing cables: 
act of May, 1945, Pennsylvania quoted, 192 
~ conditions of approval, 193 
conditions of test, 194, 195 
crushing tests, U. S. Bureau of Mines, 192 
fire from ignition of an approved cable, 197 
history of cable development, 191 
poor construction of early cables, 191 
preheat cable before flame test, 193 
synthetic rubbers introduced, 192 
Trail smelter in British Columbia, 569 
Training schedule for graduate students, Pittsburgh 


Coal Co., 113 
Transportation Hazards—Causes and Prevention, 209— 
210 


automatic car couplings advocated, 218 
block signals for mine haulage, 217 
causes of mine transportation injuries listed, 
214. 
fewer accidents with big cars, 218, 219 
gunite protects haulways from falls, 217 
hazards with shuttle car haulage, 200 
locomotives need reconstruction, 219 
men falling from locomotives, 219 
mine fatals: in Illinois, 1930-1946, 209 
in U.S.A., 1930-1946 (bituminous), 210 
per 1000 employees, ratio haulage to total, 
Pennsylvania anthracite and bituminous, 
1944-1946, 210 
ratio, haulage to falls, Illinois, 211 
ratio haulage to falls, West Virginia, 211 
more room for motorman and trip rider, 212- 
219 
non-fatals: ratio, haulage to falls, Illinois, 211 
ratio, haulage to falls, West Virginia, 211 
safe rail weights, 216 
roof supports in haulways, 217 
rounded ends for locomotives, 212-219 
separate lighting from trolley circuit, 217 
trolley phones advocated, 218 
twenty-nine minor injuries and 300 accidents 
without injury to one serious injury, 213 
Trent process well adapted for eliminating clay, 343 
See also Bulk oil flotation 
Type classifications of coals: 537; more types should 
be recognized, 552 — 
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Uniformity of water level acts to prevent water from 
becoming acid, 145 

United States Gypsum Co., Oakfield, N.Y., 149 

United States of America, See National 

Universal cutters, See Cutters, universal 

Use and Technique of Pressure Grouting in the Con- 
struction Industry, 41-46; Bibliography, 
46-47 

Use of Hydraulic Cyclones as Thickners and Washers 
in Modern Coal Preparation, 240-261 

Use of Illinois Coal in the Production of Metallurgical 
Coke, 490-501 

Use of Smoke Apparatus in Practical Mine Ventilation 
Work, 120-128; Bibliography, 128 

‘Uses of coal, industrial and for fuel, in northern West 
Virginia, 18 


Vv 


Ventilation, See Core-drilled shafts, Doors, Smoke 
apparatus 
Voleanic dust, 573 
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Want (‘‘fault’’) in northern West Virginia, 21 

Washer, See Preparation of coalin liquid media 

Washery water solids, cleaning of, See Froth flotation, 
Preparation of coal in liquid media, Use of 
Hydraulic Cyclones, etc., Cyclone as a 
Thickener, etc. Operation of a Froth-flota- 
tion plant, etc., Froth Flotation of Minus 
48-Mesh, etc., Flotation of Bituminous 
Coal, etc. 

Washing of coal, See Cleaning of coal 

Washington (State) coal preparation, See Wilkeson, 
Renton 

Waste dumps, See Refuse handling 

Waste of coal, due to delayed pillar removal, 25 

due to thinning of coal bed, 24, 33 

Water formed by low temperature reaction on coal, 
523 

Water pollution, See Acid mine drainage, Action of 
Certain Microorganisms, etc., Microbes 
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WEIGEL, W. W.: Grouting in Southeast Missouri Dis- 
trict, 58-61 . s 
WELKER, N.: Discussion on Cleaning Anthracite Silt 
for Boiler Fuel with Humphreys Spiral 
Separator, 370 : 
Wuite, P. F.: Discussion on Increasing the Value of — 
Coal Silts by Pelletization, 404 : 
Wilkeson (Wash.), coal preparation, cyclone tests, 
222-235, 236 
Witson, V. H., and DENNEN, W. L.: Cleaning 
Anthracite Silt for Boiler Fuel with Hum 


ston, 370, 371 
Wricut, C. C., and Day R. J.: Increasing the Value 
of Coal Silts by Pelletization, 380-400; 
discussion, 404 
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Yancey, H. F.: Discussion on The Operation of a 

Froth Flotation Plant on Washery-water 

Solids, 306 

Yancey, H. F., and GREER, M. R.: The Cyclone as ¢ 

Thickener of Coal Slurry, 262-277; discus: 

sion, 291 

Preliminary American Tests of a Cyclone Coal 

Washer Developed in the Netherlands, 220- 

235 

Youne, L. E.: Discussions: on Pittsburgh Coal Seas 

in Northern West Virginia, 24 

on Core Drilled Shafts for Ventilation and 
Emergency Escapeways, 134-135 

Younkins, J. A., JR.: Discussions: on The Operatio 

of a Froth Flotation Plant on Washery-water~ 

Solids, 307 

on Froth Flotation of Minus 48-mesh Bitu 

minous Coal Slurries, 333 
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ZIMMERMANN, R. E.: Flotation of Bituminous Coal, 
338-355; discussion, 356 \ 
Discussions: on Froth Flotation of Minus 48-mesh 
Bituminous Coal Slurries, 335 


tion, 402 
on Maintenance of a Coal Cleaning Plant, 453 
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